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ABSTRACT
I investigated the effects of incubation temperature, clutch, and sex on the 
morphometries, mass, and energy reserves of hatchling alligators. The effect of incubation 
temperature on hatchling genitalia was also studied. I evaluated and tested a method for 
determining the sex of hatchling alligators. Large scale incubation of alligator eggs 
allowed a study of inter-clutch variation in sex ratio of hatchlings incubated at the same 
temperature.
Aingator eggs were collected within several days of laying in June, 1991, at 
Rockefeller Wildlife Refuge, southwestern Louisiana, USA. Three clutches of eggs were 
incubated over the viable range of temperatures and the resulting hatchlings were measured 
and weighed. I examined sexual dimorphism of hatchling and juvenile alligators by 
comparing measurements and observations of the genitaha. In an additional study, I 
determined hatchling sex by cloacal examination and dissected specimens to verify the 
predicted sex with the gonadal detemiinations. The method of cloacal sex determination 
was used to analyze the sex ratios of multiple clutches incubated at the same temperature.
Incubation temperature affected the morphometries and residual yolk mass of hatchling 
alligators in a consistent, but complex pattern. Hatchling size was maximal at an 
intermediate temperature (32°C) and minimal at 29°C. Residual yolk mass was inversely 
related to yolk-free hatchling mass; higher yolk mass occurred at 31 and 33°C, and lower 
mass occurred at 29 and 32°C. Although the effects of temperature on body mass and fat 
mass parameters were not significant, temperature significantly affected the yolk-free
xi
hatchling mass of males. Strong clutch effects, temperature by clutch interactions, and sex 
effects were present for most variables.
Morphological differences in the genitalia of hatchlings were found between males and 
females. Males had significantly larger clitero-penis (CTP) dimensions than females. 
Differences in CTP size between sexes increased rapidly during post-hatching growth due 
to the accelerated growth of male genitalia compared to that of females. The method of sex 
determi tation b\ cloacal examination was highly reliable in hatchling alligators.
Considerable variation in sex ratio occurred among different clutches that were 
incubated at the same temperature. These results indicate that factors other than temperature 
influence sex determination in alligators.
xii
INTRODUCTION
Incubation temperature profoundly affects the embryonic development of crocodilians. 
Crocodilian eggs may be incubated over a range of temperatures and still produce viable 
offspring (Ferguson and Joanen 1983; Deeming and Ferguson 1991). Incubation 
temperature determines sex in all crocodilians examined to date (Ferguson and Joanen 
1982, 1983; Webb et al. 1983, 1987; Deeming and Ferguson 1989ab; Lang et al. 1989; 
Webb and Cooper-Preston 1989; Lang and Andrews In press). Also, incubation 
temperature influences growth rate, developmental rate, incubation time, embryonic 
survival, and post-hatching survival (Joanen et al. 1987; Webb et al. 1987; Lang et al.
1989; Webb and Cooper-Preston 1989; Lang and Andrews In press).
Recent data shows that the pattern of sex determination in alligators is similar to that of 
crocodiles. Constant incubation temperatures at intermediate levels produce exclusively 
males, whereas mixed sex ratios and only females are produced at higher and lower 
temperatures, respectively (Lang and Andrews In press). Additional effects of incubation 
temperature may have long-term effects on reproduction and uldmately fitness (Chamov 
and Bull 1977; Bull 1980; Ferguson and Joanen 1983, Deeming and Ferguson 1989a; Bull 
and Chamov 1989; Deeming and Ferguson 1989a; Lang et al. 1989; Webb et al. 1989; 
Woodward and Murray 1993).
The objectives of this study were: 1) to test the effect of incubation temperature on the 
size, mass, and energy reserves of hatchling alligators, 2) to determine the effect of 
incubation temperature on the morphology of the hatchling genitalia; and to use these 
results to evaluate a method for determining hatchling sex, and 3) to determine the extent of
2inter-clutch variation in sex ratio of hatchling alligators from the same incubation 
temperature. Understanding how incubation temperature affects hatchling size and mass 
will provide an additional test of the hypothesis of temperature-dependent fitness. Detailed 
observations of the sexual dimorphism of hatchlings at different temperatures will elucidate 
the pattern of sexual differentiation in alligators. An efficient method for sexing young 
alligators will facilitate experimental studies. Demonstrating the existence and magnitude of 
inter-clutch variation in sex ratios within a local population is a first step in understanding 
how and why environmental sex determination has evolved in reptiles.
BODY SIZE AND ENERGY RESERVES
Introduction
Incubation temperature determines sex in all crocodilians examined to date (Ferguson 
and Joanen 1982, 1983; Webb et al. 1983, 1987; Deeming and Ferguson 1989ab; Lang et 
al. 1989; Webb and Cooper-Preston 1989; Lang and Andrews In press). In Alligator 
mississippiensis, constant incubation temperatures (T) <31.5°C produce only females, 
32.5°C<T<33.0°C produce only males, and T>35.0°C produce only females. Transitional 
temperatures at 31.5°C<T<32.5°C and 33.0°C<T<35.0°C result in mixed sex ratios (Lang 
and Andrews In press). Incubation temperature also affects hatchling size, body mass, and 
yolk mass (Ferguson and Joanen 1983, Deeming and Ferguson 1989a). Recent studies 
also suggest that incubation temperature affects the post-hatching growth of juvenile 
crocodilians (Joanen et al. 1987; Webb and Cooper-Preston 1989). Survival, and 
consequently fitness, may differ between males and females if there are non-sexual effects 
of incubation temperature correlated sex (Charnov and Bull 1977; Bull 1980; Bull and 
Charnov 1989).
This study focuses on the effects of incubation temperature on hatchling 
characteristics. Previous studies have failed to distinguish general patterns for two major 
reasons. First, consistent definitions of hatchling mass and yolk reserves are lacking. A 
critical distinction must be made between total hatchling mass and yolk-free hatchling mass. 
Yolk-free hatchling mass emphasizes the actual body mass, whereas total hatchling mass 
does not account for differences in the yolk mass. A consistent definition of hatchling yolk
3
4reserves is necessary as well. Ferguson and Joanen (1983) used the term "absorbed 
abdominal yolk" to describe the amount of yolk available to the hatchling. This term is 
confounded by the emergence of some hatchlings with a considerably unabsorbed yolk sac 
that will eventually be internalized and used for growth. Schulte (1989) defined two types 
of yolk, i.e., yolk within the abdominal cavity and yolk external to the abdominal cavity. 
This is unnecessary because the yolk is contained within only one compartment, the yolk 
sac, and all yolk will eventually be absorbed and used regardless of its location. Webb et 
al. (1987) defined "residual yolk" as the amount of yolk at pipping; this is in accord with 
"spare yolk," a term used in avian ecology (Romanoff 1944, 1967; Ar et al. 1987).
Webb's definition will be used here.
Second, the reported effects of incubation temperature on alligator hatchling mass and 
yolk mass are contradictory. Maximum total hatchling mass was reported at 30°C 
(Ferguson and Joanen 1983), 29.4 and 32.8°C (Joanen et al. 1987), and 34°C (Schulte 
1989). Maximum yolk-free hatchling mass occurred at 34°C in one study (Ferguson and 
Joanen 1983) and at 30°C in another (Deeming and Ferguson 1989a). Maximum yolk 
mass occurred at 30°C (Ferguson and Joanen 1983; Schulte 1989) and at 33°C (Deeming 
and Ferguson 1989a). Small sample sizes and limited range of incubation temperatures in 
these alligator studies complicated determination of the exact relationships between 
hatchling and yolk mass, and incubation temperature. Ecotype differences are an unlikely 
explanation for these differences because most studies were made in Rockefeller Wildlife 
Refuge and one in Laccassine Refuge, both in southern Louisiana, USA. In contrast, 
studies of incubation temperature effects in the Australian freshwater crocodile, Crocodylus 
johnstoni, have been done over a large temperature range (Webb et al. 1987; Whitehead 
1987; Webb and Cooper-Preston 1989; Whitehead et al. 1990). Low temperature 
hatchlings were heavier and contained a small mass of yolk compared to high temperature 
individuals which weighed less and contained a large yolk. However, these studies did not
5account for possible clutch effects and did not provide detailed locality data on egg 
collection. Hatchlings from various populations may give completely different results than 
hatchlings from a single population.
The objectives of this study were: (1) to determine the effects of incubation 
temperature on the morphometries and mass of hatchling alligators, (2) to determine the 
effects of incubation temperature on hatchling energy reserves, (3) to investigate the effects 
of clutch on hatchling features, and (4) to test for differences in hatchling parameters 
between males and females incubated at 32°C. I examined size, mass, yolk mass, and fat 
body mass of hatchling alligators from three clutches incubated at four constant 
temperatures. Understanding how incubation temperature affects hatchling size and mass 
will provide an additional test of the hypothesis of temperature-dependent fitness. Is there 
an optimum temperature for incubating alligator eggs? Positive clutch effects would 
complicate interpretation of previous studies.
M aterials and Methods 
Experim ental Design/Incubation
I collected fresh eggs of Alligator mississippiensis within several days of laying in 
June, 1991, at Rockefeller Wildlife Refuge, located in southwestern Louisiana, USA.
Eggs of previous studies were collected from the same alligator population (Ferguson and 
Joanen 1983; Deeming and Ferguson 1989a). Eggs were cleaned, individually numbered 
by clutch and egg number, and placed in large styrofoam boxes containing moist 
vermiculite. The eggs were measured, weighed, and candled. Fertile eggs (n=126) from 
three clutches were incubated to pipping at constant temperatures of 29 (n=30), 31 (n=29), 
32 (n=38), and 33°C (n=29). These incubation temperatures were carefully chosen to give
6one sample at the pivotal temperature (=31.8°C) and samples ±1°C of the pivotal for equal 
comparisons between sexes. The pivotal temperature represents the constant temperature 
that produces a 1:1 sex ratio (Mrosovsky and Pieau 1991). Constant incubation 
temperatures were maintained to±0.1°C in specially designed foam box incubators (Lang 
and Andrews In press).
Upon pipping, each egg was frozen in an airtight plastic container and later thawed for 
data collection. I manually separated the calcareous eggshell from the leathery eggshell.
The inner eggshell was cut longitudinally along its circumference to expose the hatchling. 
Each hatchling was separated from its eggshell and embryonic membranes, rinsed, and 
towel dried. Then, I measured several morphometric parameters and total mass of each 
hatchling. Hatchlings were dissected by cutting with scissors along the ventral midline 
from the throat to 2 mm anterior to the cloaca. The yolk sac was cut at the junction with the 
small intestine, removed- and weighed. I removed loosely associated fat bodies lining the 
ventral and lateral walls of the abdomen with tweezers. A discrete fat body attached to the 
small intestine on the right side of the abdomen was also removed. This “intestinal” fat 
body was compact, globular, and darker than the smaller whitish fat bodies lining the 
abdominal wall. The intestinal and abdominal fat bodies were grouped into one category, 
abdominal fat bodies, due to the small mass and sample sizes. 1 removed fat bodies in the 
tail from the posterior edge of the cloaca to the second single tail crest by making three deep 
longitudinal incisions, one along the dorsal midline and two on each side of the ventral 
midline.
The internal organs were removed by cutting the colon anterior to the cloaca, pulling 
the viscera anteriorly, and cutting the trachea, thus exposing the gonads. I rinsed the body 
cavity and determined gonadal sex macroscopically by shape, texture, and color of the 
gonads and by the presence or absence of oviducts (Forbes 1940a; Ferguson and Joanen 
1983; Hutton 1987). Hatchlings were preserved in 10% formalin; 1 re-examined the
7gonads and presence of oviducts iater to confirm sex. Constant incubation at 29 and 31°C 
produced 100% females, and 100% males were produced at 33°C. Mixed sex ratios 
(malesrfemales) resulted from constant incubation at 32°C (total=24:14, clutch 1=10:3, 
clutch 2=8:4, clutch 3=6:7). Mean incubation time (days) varied between temperatures: 84 
d at 29°C, 71 d at 31°C, 66 d at 32°C, and 63 d at 33°C (Lang and Andrews In press).
M easurem ents
I measured initial egg, total hatchling, yolk-free hatchling, residual yolk, total fat, 
abdominal fat, and tail fat wet masses to ±0.01 g using an Ohaus E300D analytic balance. 
The residual yolk (n=126) averaged 10.3% of total hatchling mass and was subtracted from 
total hatchling mass to obtain yolk-free hatchling mass. Since total fat mass only accounted 
for 4.3% of the total hatchling mass and was relatively constant through all temperatures, I 
included total fat mass within the yolk-free hatchling mass.
The following egg and hatchling morphometries were measured to ±0.1 mm with 
calipers if <10 cm and to ±1 mm with a metric ruler if >10 cm: egg length, egg width, 
snout-vent length (measured ventraily to the posterior edge of the cloaca), and total length 
(measured ventraily to the tip of the tail). I measured the following morphometries dorsally 
according to Deeming and Ferguson (1990): trunk length, distance between limbs, front 
limb length, hind limb length, head length, head width, head height, snout length, mid­
snout width, snout width at nares, and eye length. However, I measured trunk length from 
the posterior edge of the cranium to the hind limb axis. Distance between limbs will 
be referred to as inter-limb length.
A primary assumption of this study was that differences in hatchling dimensions and 
wet mass parameters reflect proportional differences in energy content among alligators 
from different incubation treatments. Many studies recommend using dry mass to compare
8energetics because water density may vary among species (Vleck et al. 1984; Vleck and 
Vleck 1984; Whitehead 1987; Vleck and Hoyt 1991). However, I assumed that the density 
of water tn alligator tissues was relatively constant across incubation temperatures.
Standardizing for Initial Egg Mass
Since initial egg mass explained significant variation (P<0.05) in all mass variables in 
bivariate regression, three mass variables (total hatchling, yolk-free hatchling, and residual 
yolk) were standardized for initial egg mass before plotting the temperature means. Fat 
mass parameters were not transformed because their regressions with initial egg mass did 
not explain considerable variation; the r2 values were low. Also, fat parameters composed 
a very small fraction of the total hatchling mass. This standardization was performed for 
graphical purposes only; actual statistical tests that accounted for initial egg mass were 
performed by analysis of covariance (see below).
Yolk-free hatchling mass (HMS), for example, was standardized for initial egg mass 
(EMS) by using the regression equation of HMS on EMS to calculate a predicted HMS for 
each observed value. Standardized HMS was obtained by adding the residual HMS 
(Actual HMS-Predicted HMS) to the mean HMS. The resulting standardized yolk-free 
hatchling masses were then plotted for each temperature by clutch group. This separated 
the effect of EMS from the effects of temperature and clutch. Regression equations of the 
standardized mass parameters were:
Total Hatchling Mass = 8.51+0.57(EMS), r2=0.66, PcO.OOl
Yolk-Free Hatchling Mass = 18.81+0.37(EMS), r2=0.35, P<0.001
Residual Yolk Mass = -10.30+0.21 (EMS), r2=0.25, P<0.001
9Hatchling morphometries, e.g., snout-vent length, were not standardized because their 
regressions on initial egg mass were not significant. However, after accounting for main 
treatment effects in analyses of covariance (see below), egg mass was a significant 
covariate with snout-vent length, total length, and snout width at nares.
Statistical Analyses
Statistical analyses were performed with SAS (SAS Institute 1987) and SYSTAT 5.2 
(SYSTAT 19921. Homogeneity of variances was tested using Bartlett's test for unbalanced 
sample sizes (Sokal and Rohlf 1981). The effect of temperature on various hatchling 
parameters was tested by analysis of covariance (ANCOVA). Initial egg mass was run as a 
covariate w-ith tw-o factors, temperature and clutch. For the purpose of analysis, the clutch 
factor represents any genetic and/or maternal effects excluding initial egg mass, which had 
already been removed. Differences between males and females at 32°C were tested using 
another ANCOVA consisting of a covariate, initial egg mass, and two factors, sex and 
clutch. Since clutch was a random factor and temperature and sex were fixed variables, the 
mixed model ANCOVA was tested. Significance levels for main effects were acceptable at 
P<0.05 (tw'O-tailed). Certain tests resulted in significant interactions involving initial egg 
mass that violate the conditions of ANCOVA; in these cases, the main effects could not be 
tested, so these incomplete results were not reported. If a temperature by clutch interaction 
was not significant (P<0.1), the final model was run with only the main effects.
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R esults
Sample means and descriptive statistics of hatchling parameters are shown in Table 1. 
Treatment means (temperature by clutch) and descriptive statistics are tabled in Appendix I. 
Original data is tabled in Appendix II.
Hatchling Mass
Analysis of covariance showed that total hatchling mass did not vary significantly 
among incubation temperatures (Table 2; Fig. 1). However, the effect of clutch explained 
significant variation in total hatchling mass (Table 2). The temperature by clutch interaction 
was significant when sexes were pooled, but only significant for females when sexes were 
analyzed separately (Table 2). At 32°C, total hatchling mass did not vary significantly 
between males and females (Table 3).
Yolk-free hatchling mass did not vary significantly with temperature when sexes were 
pooled (Table 2; Fig. 2). However, when sexes were analyzed separately, the effect of 
temperature was significant for males, but not for females. Clutch significantly affected 
yolk-free hatchling mass when sexes were pooled (Table 2). When the sexes were 
analyzed separately, clutch was significant for females, but not for males. The temperature 
by clutch interaction was significant when sexes were pooled and for females, but not for 
males (Table 2). At 32°C, males weighed significantly more than females (Table 3).
Body Dimensions
Incubation temperature significantly affected all of the body dimensions of hatchlings 
in a similar pattern (Table 2; Figs. 3-8). Maximum dimensions tended to be produced at
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Table 1. Sample means and descriptive statistics of morphometics and mass parameters 
of hatchling alligators from three clutches incubated at four constant temperatures. 
TOTHMS=total hatchling mass; EMS=initial egg mass; TOTFAT=total fat mass; 
YMS=residual yolk mass.
Variable X MIN MAX SD VAR SEM n
Egg Measurements
Egg Length (mm) 71.8 66.3 78.5 2.11 4.46 0.19 126
Egg width (mm) 42.7 40.5 44.2 0.67 0.45 0.06 126
Initial Egg Mass (g) 75.85 66.88 84.20 3.24 10.47 0.29 126
Hatchling Mass (g)
Total Hatchling Mass 51.82 44.92 57.18 2.27 5.15 0.20 126
Yolk-Free Hatchling Mass 46.49 41.44 51.30 2.01 4.03 0.18 126
Hatchling Morphometries (mml
Snout-Vent Length 123 112 131 3.80 14.43 0.34 126
Total Length 245 224 263 7.77 60.36 0.69 126
Trunk Length 75.7 67.3 82.3 3.27 10.69 0.31 110
Inter-Limb Length 57.2 51.7 69.7 2.37 5.63 0.23 110
Front Limb Length 46.8 41.4 51.3 1.95 3.79 0.19 110
Hi.id Limb Length 57.6 52.7 61.8 2.09 4.36 0.20 110
Head Length 35.0 32.7 36.8 0.81 0.66 0.07 126
Head Width 20.4 19.5 21.4 0.41 0.17 0.04 110
Head Height 16.9 15.4 18.4 0.56 0.31 0.05 110
Snout Length 14.6 1 1.6 16.9 1.00 0.99 0.10 110
Mid-Snout Length 13.6 1 1.0 15.9 0.93 0.87 0.09 110
Snout Length at Nares 8.9 7.4 10.3 0.63 0.40 0.06 110
Eye Length 11.6 10.2 12.7 0.51 0.26 0.05 110
Hatchling Energy Reserves (g) 
Residual Yolk Mass 5.33 2.20 8.86 1.34 1.81 0.120 126
Total Fat Mass 2.21 1.79 2.70 0.178 0.032 0.016 126
Abdominal Fat Mass 0.58 0.35 0.78 0.096 0.009 0.009 126
Tail Fat Mass 1.63 1.26 2.00 0.147 0.022 0.013 126
Mass Ratios (%)
TOTHMS/EMS 68.3 62.4 71.5 1.77 3.12 0.16 126
YMS/TOTHMS 10.2 4.9 17.3 2.43 5.91 0.22 126
TOTFATTOTHMS 4.3 3.5 5.1 0.30 0.092 0.027 126
TOTFAT/YMS 44.2 23.4 100.0 12.42 154.25 1.11 126
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Table 2. Analysis of covariance (ANCOVA) of the effects of temperature and clutch on the 
morphometries and mass parameters of hatchling alligators from three clutches incubated at 
four constant temperatures. Source=effect of variation; a f=degrees of freedom; SS=Type 
III sums of squares; MS-Type III mean square; Den df=denominator degrees of freedom; 
Den MS=denominator mean square; F=F-value; P=probability level. Partial degrees of 
freedom resulted from the unbalanced design. Some tests violated the conditions of 
ANCOVA due to significant interactions with egg mass; such results were omitted. If a 
temperature by clutch interaction was not significant (P<0.1), the final model was run with 
the main effects only.
Total Hatchling Mass
Source df SS MS Den df Den MS F P
Temp 3 73.136 24.379 6.00 5.891 4.14 0.07
Clutch 2 37.280 18.640 113 0.663 28.13 <0.0001
Egg Mass 1 336.092 336.092 113 0.663 507.23 <0.0001
Temp* Clutch 6 35.380 5.897 113 0.663 8.90 <0.0001
Error 113 74.874 0.663
Total Hatchline Mass: Males
Source df SS MS Den df Den MS F p
Temp 1 0.215 0.215 47 0.352 0.61 0.44
Clutch 2 7.555 3.778 47 0.352 10.74 <0.0001
Egg Mass 1 157.250 157.250 47 0.352 447.13 <0.0001
Error 47 16.529 0.352
Total Hatchline Mass: Females
Source df SS MS Den df Den MS F P
Temp 2 22.830 11.415 4.17 2.987 3.82 0.11
Clutch 2 29.332 14.666 63 0.867 16.91 <0.0001
Egg Mass 1 174.703 174.703 63 0.867 201.39 <0.0001
Temp* Clutch 4 12.591 3.148 63 0.867 3.63 0.01
Error 63 54.652 0.867
Yolk-Free Hatchline Mass
Source df SS MS Den df Den MS F p
Temp 3 104.509 34.836 6.00 8.203 4.25 0.06
Clutch 2 61.369 30.685 113 1.262 24.32 <0.0001
Egg Mass 1 257.947 257.947 113 1.262 204.45 <0.0001
Temp*Clutch 6 49.266 8.211 1)3 1.262 6.51 <0.0001
Error 113 142.567 1.262
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l oikJtfiC!eLH»t(chy.n|L Mass ..Males
Source df SS MS Den df Den MS F P
Temp ! 22.077 22.077 48 0.690 31.99 <0.0001
Clutch 2 0.840 0.420 48 0.690 0.61 0.55
Egg M ass 1 111.500 111.500 48 0.690 161.55 <0.0001
Error 48 33.129 0.690
Source ur SS MS Den df Den MS p P
Temp 2 34.159 17.080 4.17 5.406 3.16 0.15
Clutch 2 45.293 22.647 63 1.584 14.30 <0.0001
Egg Mass 1 129.307 129.307 63 1.584 81.64 <0.0001
Temp»Clutch 4 22.782 5.696 63 1.584 3.60 0.01
Error 63 99.789 1.584
SamUrVeni Leoiiih
Source df SS MS Den df Den MS F p
Temp 3 715.485 238.495 6.00 24.617 9.69 0.01
Clutch 2 257.659 128.829 113 5.710 22.56 <0.0001
Egg Mass I 90.500 90.500 113 5.710 15.85 <0.0001
Ternp*Clutch 6 147.830 24.638 113 5.710 4.32 0.0006
Error 113 615.198 5.710
Snout-Vem tetmth: Females
Source dr SS MS Den df Den MS F p
Temp 2 318.448 159.224 68 7.533 21.14 <0.0001
Clutch 2 181.736 90.868 68 7.533 12.06 <0.0001
Error 68 512.249 7.533
IfflaLLfi-pgih
Source df SS MS Den df Den MS F p
Temp 3 3923.568 1307 856 6.00 70.781 18.48 0.002
Clutch 2 936.307 468.154 113 16.703 28.03 <0.0001
Egg Mass 1 597.237 597.237 113 16.703 35.76 <0.0001
Temp* Clutch 6 425.057 70.843 113 16.703 4.24 0.0007
Error 113 1887.482 16.703
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Trunk Length
Source df SS MS Den df Den MS F P
Temp 3 378.636 126.212 6.07 13.782 9.16 0.01
Clutch 2 105.754 52.877 98 4.918 10.75 <0.0001
Temp*Clutch 6 83.582 13.930 98 4.918 2.83 0.01
Error 98 481.962 4.918
Inter-Limb Length
Source df SS MS Den df Den MS F p
Temp 3 154.640 51.547 6.06 11.308 4.56 0.054
Clutch 2 14.092 7.046 98 3.475 2.03 0.14
Temp ♦Clutch 6 68.634 11.439 98 3.475 3.29 0.005
Error 98 340.540 3.475
Front limb length
Source df SS MS Den df Den MS F P
Temp 3 186.144 62.048 6.08 3.946 15.73 0.003
Clutch 2 17.035 8.517 98 1.626 5.24 0.007
Temp*Clutch 6 23.908 3.985 98 1.626 2.45 0.03
Error 98 159.345 1.626
Hind Limb Length: Males
Source df SS MS Den df Den MS F P
Temp 1 86.023 86.023 41 2.160 39.82 <0.0001
Clutch 2 13.109 6.555 41 2.160 3.03 0.06
Error 41 88.572 2.160
Head Length
Source df SS MS Den df Den MS F P
Temp 3 5.796 1.932 120 0.596 3.24 0.03
Clutch 2 4.520 2.260 120 0.596 3.79 0.03
Error 120 71.559 0.596
Head Width
Source d f SS MS Den df Den MS F P
Temp 3 2.869 0.956 104 0.140 6.84 0.0003
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Clutch 2 0.631 0.315 104 0.140 2.26 0.11
Error 104 14.538 0.140
Head Height
Source df SS MS Den df Den MS F P
Temp 3 11.488 3.829 104 0.206 18.56 <0.0001
Clutch 2 1.478 0.739 104 0.206 3.58 0.03
Error 104 21.455 0.206
Snout Length
Source df SS MS Den df Den MS F P
Temp 3 45.565 15.188 104 0.540 28.11 <0.0001
Clutch 2 4.310 2.155 104 0.540 3.99 0.02
Error 104 56.188 0.540
Mid-Snout Width
Source df SS MS Den df Den MS F P
Temp 3 55.346 18.449 6.04 1.289 14.31 0.004
Clutch 2 0.0171 0.00853 98 0.245 0.03 0.97
Temp*Clutch 6 7.841 1.307 98 0.245 5.34 <0.0001
Error 98 23.968 0.245
Snout Width at Nares
Source df SS MS Den df Den MS F P
Temp 3 16.680 5.560 6.04 0.714 7.79 0.02
Clutch 2 0.902 0.451 97 0.186 2.43 0.09
Egg Mass 1 0.985 0.985 97 0.186 5.31 0.02
Temp*Clutch 6 4.328 0.721 97 0.186 3.89 0.002
Error 97 17.997 0.186
Eve Leneth
Source df SS MS Den df Den MS F P
Temp 3 0.455 0.152 6.09 0.524 0.29 0.83
Clutch 2 1.667 0.833 98 0.229 3.64 0.03
Temp*Clutch 6 3.176 0.529 98 0.229 2.31 0.04
Error 98 22.428 0.229
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Residual Yolk Mass
Source df SS MS Den df Den MS F P
Temp 3 53.688 17.896 119 0.532 33.64 <0.0001
Clutch 2 59.905 29.953 119 0.532 56.30 <0.0001
Egg Mass I 10.024 10.024 119 0.532 18.84 <0.0001
Error 119 63.312 0.532
Residual Yolk Mass: Males
Source df SS MS Den df Den MS F P
Temp 1 16.399 16.399 48 0.421 38.92 <0.0001
Clutch 2 13.643 6.8'»2 48 0.421 16.19 <0.0001
Egg Mass \ 4.960 4.960 48 0.421 11.77 0.001
Error 48 20.227 0.421
Residual Yolk Mass: Females
Source df SS MS Den df Den MS F p
Temp 2 55.061 27.531 68 0.593 46.40 <0.0001
Clutch 2 69.400 34.700 68 0.593 58.49 <0.0001
Error 68 40.343 0.593
Total Fat Mass
Source df SS MS Den df Den MS F p
Temp 3 0.09339 0.0311 6.00 0.0860 0.36 0.78
Clutch 2 0.00279 0.00139 113 0.0232 0.06 0.94
Egg Mass 1 0.593 0.593 113 0.0232 25.55 <0.0001
Temp*Clutch 6 0.517 0.0861 113 0.0232 3.71 0.002
Error 113 2.622 0.0232
Total Fat Mass: Males
Source df SS MS Den df Den MS F P
Temp 1 0.00666 0.00666 48 0.0196 0.34 0.56
Clutch 2 0.333 0.167 48 0.0196 8.48 0.0007
Egg Mass T 0.215 0.215 48 0.0196 10.94 0.002
Error 48 0.943 0.0196
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Total Fat Mass: Females
Source df SS MS Den df Den MS F P
Temp 2 0.0751 0.0375 67 0.0250 1.50 0.23
Clutch 2 0.112 0.0562 67 0.0250 2.25 0.11
Egg Mass 1 0.361 0.361 67 0.0250 14.44 0.0003
Error 67 1.674 0.0250
Abdominal Fat Mass: Females
Source df SS MS Den df Den MS F P
Temp 2 0.124 0.0619 4.27 0.0141 4.40 0.09
Clutch 2 0.0207 0.0103 63 0.00654 1.58 0.21
Egg Mass 1 0.0864 0.0864 63 0.00654 13.22 0.0006
Temp*Clutch 4 0 0586 0.0147 63 0.00654 2.24 0.07
Error 63 0.412 0.00654
Iail.Fai_M.ass
Source df SS MS Den df Den MS F P
Temp 3 0.273 0.0910 6.00 0.0619 1.47 0.31
Clutch 2 0.173 0.0865 114 0.0166 5.20 0.007
Temp*Clutch 6 0.372 0.0620 114 0.0166 3.72 0.002
Error 114 1.897 0.0166
Tail Fat Mass; .M ate
Source df SS MS Den df Den MS F P
Temp i 0.00470 0.00470 2.01 0.100 0.05 0.85
Clutch 2 0.308 0.154 47 0.0150 10.25 0.0002
Temp*Clutch 2 0.202 0.101 47 0.0150 6.72 0.003
Error 47 0.707 0.0150
Tail Fat Mass: Females
Source df SS MS Den df Den MS F P
Temp 2 0.113 0.0563 68 0.0172 3.27 0.04
Clutch 2 0.00665 0.00333 68 0.0172 0.19 0.82
Error 68 1.170 0.0172
TO
TA
L 
H
A
TC
H
LI
N
G
 M
A
SS
 (
g)
Figure 1. Relationship between incubation temperature and total hatchling mass o f alligators. Total hatchling mass was standardized
to initial egg mass by simple regression. Clutch l=circles; clutch 2=squares; clutch 3=triangles; females=open symbols;
males=closed symbols. Means were offset around each constant temperature to prevent overlapping error bars (±2 SEM).
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Table 3. Analysis of covariance of the effect of sex on the morphometries and mass 
parameters of hatchling alligators from three clutches incubated at a constant temperature of 
32°C. Source=effect of variation; df=degrees of freedom; SS=Type III sums of squares; 
MS=Type III mean square; Den df= denominator degrees of freedom; Den MS= 
denominator mean square; F=F-value; P=probability level.
Total Hatchling Mass
Source df SS MS Den df Den MS F P
Sex 1 0.472 0.472 33 0.392 1.20 0.28
Clutch 2 6.235 3.117 33 0.392 7.95 0.002
Egg Mass 1 105.679 105.679 33 0.392 269.40 <0.0001
Error 33 12.945 0.392
Yolk-Free Hatchline Mass
Source df SS MS Den df Den MS F P
Sex 1 8.718 8.718 33 0.694 12.55 0.001
Clutch 2 0.651 0.325 33 0.694 0.47 0.63
Egg Mass I 85.185 85.185 33 0.694 122.67 <0.0001
Error 33 22.916 0.694
Snout-Vent Length
Source df SS MS Den df Den MS F P
Sex 1 0.579 0.579 33 4.806 0.12 0.73
Clutch 2 102.024 51.012 33 4.806 10.62 0.0003
Egg Mass 1 70.326 70.326 33 4.806 14.63 0.0006
Error 33 158.583 4.806
Total Leneth
Source df SS MS Den df Den MS F P
Sex 1 0.610 0.610 33 13.891 0.04 0.84
Clutch 2 201.123 100.562 33 13.891 7.24 0.003
Egg Mass I 307.131 307.131 33 13.891 22.11 <0.0001
Error 33 458.419 13.891
Trunk Leneth
Source df SS MS Den df Den MS F P
Sex 1 0.467 0.467 29 3.978 0.12 0.73
Clutch 2 63.320 31.660 29 3.978 7.96 0.002
Error 29 115.373 3.978
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Inter-Limb Length
Source df SS MS Den df Den MS F P
Sex 1 0.409 0.409 29 6.418 0.06 0.80
Clutch 2 43.63! 21.816 29 6.418 3.40 0.047
Error 29 186.133 6.418
Front Limb Length
Source df SS MS Den df Den MS F P
Sex 1 0.0004 0.0004 29 0.987 0.00 0.98
Clutch 2 32.694 16.347 29 0.987 16.57 <0.0001
Error 29 28.618 0.987
Eind...U.mb-Lgngth
Source df SS MS Den df Den MS F P
Sex 1 1.495 1.495 29 2.054 0.73 0.40
Clutch 2 14.689 7.345 29 2.054 3.58 0.041
Error 29 59.553 2.054
Source df SS MS Den df Den MS F P
Sex l 1.091 1.091 34 0.500 2.18 0.15
Clutch
Error
2
34
0.567
16.987
0.283
0.500
34 0.500 0.57 0.57
Head Width
Source df SS MS Den df Den MS F P
Sex 1 1.419 1.419 29 0.145 9.80 0.004
Clutch
Error
7
29
0.056
4.199
0.0280
0.145
29 0.145 0.19 0.83
Hsad Height
Source df SS MS Den df Den MS F P
Sex l 0.467 0.467 29 0.350 1.34 0.26
Clutch
Error
7
29
0.970
10.139
0.485
0.350
29 0.350 1.38 0.27
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Snout Length
Source df SS MS Den df Den MS F P
Sex 1 2.100 2.100 29 0.592 3.55 0.07
Clutch 2 0.0632 0.0316 29 0.592 0.05 0.95
Error 29 17.157 0.592
Mid-Snout Width
Source df SS MS Den df Den MS F P
Sex 1 0.0872 0.0872 29 0.210 0.42 0.52
Clutch 2 0.106 0.0528 29 0.210 0.25 0.78
Error 29 6.085 0.210
Snout Width at Nares
Source df SS MS Den df Den MS F P
Sex 1 0.0012 0.0012 29 0.195 0.01 0.94
Clutch 2 0.440 0.220 29 0.195 1.13 0.34
Error 29 5.657 0.195
Eye Length
Source df SS MS Den df Den MS F P
Sex 1 0.060 0.060 29 0.213 0.28 0.60
Clutch 2 0.332 0.166 29 0.213 0.78 0.47
Error 29 6.183 0.213
Residual Yolk Mass
Source df SS MS Den df Den MS F P
Sex 1 4.322 4.322 34 0.349 12.40 0.001
Clutch 2 9.987 4.993 34 0.349 14.33 <0.0001
Error 34 11.849 0.349
Total Fat Mass
Source df SS MS Den df Den MS F P
Sex 1 0.0081 0.0081 34 0.0334 0.24 0.63
Clutch 2 0.162 0.0809 34 0.0334 2.42 0.10
Error 34 1.137 0.0334
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Abdominal Fat Mass
Source df SS MS Den df Den MS F P
Sex 1 0.0067 0.0067 34 0.0096 0.70 0.41
Clutch 2 0.115 0.0573 34 0.0096 5.98 0.006
Error 34 0.326 0.0096
Tail Fat Mass
Source df SS MS Den df Den MS F P
Sex 1 0.0001 0.0001 34 0.0186 0.00 0.95
Clutch 2 0.111 0.0557 34 0.0186 2.99 0.06
Error 34 0.633 0.0186
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Figure 2. Relationship between incubation temperature and yolk-free hatchling mass of alligators. Yolk-free hatchling mass was
standardized to initial egg mass by simple regression. Clutch l=circles; clutch 2=squarcs; clutch 3=triangies; females =open
symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 3. Relationship between incubation temperature and snout-vent length o f hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 4. Relationship between incubation temperature and total length of hatchling alligators Clutch l^cirties; clutch 2esqu;ucv,
clutch 3-mangles; fcmales-opcn symbols; rmles«closcd symbols M eins displayed as in Fig, l.
INCUBATION TEMPERATURE (°C)
Figure 5. Relationship between incubation temperature and trunk length of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
Figure 6. Relationship between incubation temperature and inter-limb length o f hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 7. Relationship between incubation temperature and front limb length of hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 8. Relationship between incubation temperature and hind limb length of hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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32°C, whereas minimum dimensions occurred at 29°C. Hind limb length could not be 
tested over all temperatures or for females because of interactions involving egg mass. 
However, the effect of temperature on hind limb length was significant for males (Table 2). 
Body dimensions generally showed a similar pattern of the effect of clutch for females: 
clutch 1 > clutch 2 > clutch 3. Clutch significantly affected snout-vent length, total length, 
trunk length, and front limb length, but not inter-limb length (Table 2). Clutch was not 
significant for the hind limb length of males.
Temperature by clutch interactions were significant for snout-vent length, total length, 
trunk length, inter-limb length, and front limb length (Table 2). The single exception was 
the hind limb length of males; in this instance, temperature effects were independent of 
clutch. At 32°C, sexual differences in body dimensions were not significant (Table 3).
Head Dimensions
Incubation temperature had significant effects on head length, head width, head 
height, snout length, mid-snout width, and snout width at nares (Table 2; Figs. 9-14). 
Maxima for most head dimensions occurred at 32 or 33°C, whereas minima generally 
occurred at 29°C. A single exception was eye length, for which a temperature effect was 
not significant (Fig. 15). Clutch significantly affected head length, head height, snout 
length, and eye length (Table 2). Temperature by clutch interactions were significant for 
snout width at nares and eye length (Table 2). Sex differences at 32°C were significant for 
only one variable, head width (Table 3).
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Figure 9. Relationship between incubation temperature and head length of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 10. Relationship between incubation temperature and head width of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 11. RelatioPcV,iD between incubation temperature and head height of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangies; 1c .ales=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 12. Relationship between incubation temperature and snout length of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 13. Relationship between incubation temperature and mid-snout width of hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 14. Relationship between incubation temperature and snout width at nares of hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch ?=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 15. Relationship between incubation temperature and eye length of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
38
Energy Reserves
Analysis of covariance showed that incubation temperature significantly affected 
residual yolk mass in all tests (Table 2). Residual yolk mass was inversely related to yolk- 
free hatchling mass (cf., Figs. 2 and 16). Mean yolk mass was higher at 31 and 33°C, 
whereas lower values occurred at 29 and 32°C. Clutch also explained significant variation 
in residual yolk mass (Table 2). Likewise, the temperature by clutch interaction was 
significant for yolk mass (Table 2). At 32°C, the mean yolk mass of females weighed 
significantly more than that of males (Table 3).
Total fat mass was relatively constant, only varying ±0.25 g, and was not significantly 
affected by temperature (Table 2; Fig. 17). The effect of clutch on total fat mass was 
significant for males only. The temperature by clutch interaction was significant for total 
fat mass (Table 2). At 32°C, there was no significant difference between the 
sexes (Table 3).
The effects of incubation temperature and dutch on abdominal fat mass were not 
significant for females (Table 2; Fig. 18). Similarly, the temperature by clutch interaction 
was not significant for females (Table 2). At 32°C, there were no sex differences in 
abdominal fat mass (Table 3). Testing with pooled sexes and with males orly in Table 3 
was not possible due to significant interactions with egg mass in those analyses of 
covariance.
Temperature significantly affected the tail fat mass of females (Table 2, Fig. 19). 
Clutch explained significant variation in tail fat mass when sexes were pooled. When the 
sexes were analyzed separately, clutch was significant for males, but not for females. The 
temperature by clutch interaction for tail fat mass was significant when sexes were pooled 
and for males, but not females (Table 2). At 32°C, sex differences in tail fat mass were not 
significant (Table 3).
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Figure 16. Relationship between incubation temperature and residual yolk mass of hatchling alligators. Yolk mass was standardized
to initial egg mass by simple regression. Clutch l=circles; clutch 2=squares; clutch 3=triangles; females=open symbols;
males=closed symbols. Means displayed as in Fig. 1.
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Figure 17. Relationship between incubation temperature and total fat mass of hatchling alligators. Clutch l=circles; clutch 2=
squares; clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 18. Relationship between incubation temperature and abdominal fat mass of hatchling alligators. Clutch l=circles;
clutch 2=squares; clutch 3-triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Figure 19. Relationship between incubation temperature and tail fat mass of hatchling alligators. Clutch l=circles; clutch 2=squares;
clutch 3=triangles; females=open symbols; males=closed symbols. Means displayed as in Fig. 1.
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Discussion
Hatchling Mass
Initial egg mass was positively correlated with total hatchling mass and yolk-free 
hatchling mass in this study. In other crocodilians, the same pattern was observed; large 
eggs produced large hatchlings (Webb et al. 1983, 1987; Whitehead 1987; Deeming and 
Ferguson 1989b). A similar relationship has been reported in turtles (Morris et al. 1983; 
Ewert 1979, 1985), lizards (Packard and Packard 1980; Tracy 1982; Van Damme et al. 
1992), snakes (Ford and Seigel 1989), and birds (Romanoff I960, 1967; Vleck et al.
1984; Vleck and Vleck 1987).
The ratio of total hatchling mass (x=51.82 g) to initial egg mass of Alligator 
mississippiensis was 68.3% (range=62.4 to 71.5%). In alligators, similar ratios have been 
reported at 69.7% (Ferguson and Joanen 1983), 66.8% (Deeming and Ferguson 1989b), 
and 66.5% (Fischer et al. 1991). In crocodiles, ratios were 62.4, 69.3, and 71.0% 
(Deraniyagala 1939; Whitehead and Seymour 1990). In turtles, these values ranged from 
46.4 to 83.7% (Ewert 1979, 1985). Ratios for alligators are within the 49.8 to 95.9% 
range reported for birds (Romanoff 1944, 1967; Ewert 1985; Ar et al. 1987). Assuming 
yolk mass of freshly laid eggs correlates strongly with initial egg mass, initial egg mass can 
be used to standardize hatchling mass variables. 1 his procedure isolates the variation 
specifically due to the effects of temperature and clutch. And, the clutch effect specifically 
includes all factors (genetic and/or maternal) except initial egg mass, whose variation was 
already removed.
Total hatchling mass did not vary significantly with incubation temperature.
However, yolk-free hatchling mass of males did vary significantly; a maximum occurred at 
32°C and a minimum at 33°C. The negative relationship between incubation time and
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incubation temperature may greatly complicate this analysis. Low temperatures slow 
embryonic growth rates, but the longer incubation periods may require more energy over 
time, and may result in smaller hatchling masses.
By contrast, previous studies of Alligator mississippiensis found significant 
differences among temperatures for both hatchling mass parameters. However, the 
conclusions of these reports were highly variable. Maximum total hatchling mass was 
reported at 30°C (Ferguson and Joanen 1983), 29.4°C and 32.8°C (Joanen et al. 1987), and 
34°C (Schulte 1989). Ferguson and Joanen (1983) found maximum yolk-free hatchling 
mass at 34°C, whereas 30°C was reported in a later study (Deeming and Ferguson 1989a). 
The significant temperature by clutch interaction found in my study may explain these 
inconsistencies. In addition, previous studies had small sample sizes, small ranges of 
temperature, or failed to distinguish between total and yolk-free hatchling mass.
Experimental temperatures in these previous studies were not fixed at equal increments 
on either side of the pivotal temperature (=31.8°C); i.e., the constant incubation temperature 
that produces a 1:1 sex ratio (Mrosovsky and Pieau 1991). Recent experiments have 
shown that incubation at 34°C produces mixed sex ratios that are female biased, not 100% 
male (Lang and Andrews In press). In addition, most previous studies did not account for 
clutch effects on hatchling mass parameters (Ferguson and Joanen 1983; Joanen et al.
1987; Deeming and Ferguson 1989a). In Schulte's study (1989) on hatchling size and 
mass, clutch effects were controlled using nest as a blocking factor; however, hatchling 
mass was not standardized to initial egg mass and her sample sizes were very small.
In Crocodylus johnstoni, yolk-free hatchling mass was inversely related to yolk mass 
and decreased consistently over the range of viable incubation temperatures from 28 to 
34°C (Manolis et al. 1987; Webb et al. 1987; Whitehead 1987; Whitehead et al. 1990). 
According to these reports, this pattern of embryonic growth was explained by long 
incubation periods at low temperatures. Such conditions allowed embryos to metabolize
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more yolk and increase growth (Manolis et al. 1987; Deeming and Ferguson 1989a). 
However, Crocodylus porosus did not follow the Crocodylus johnstoni pattern exactly 
(Webb et al. 1989). Moreover, the effect of clutch has not been evaluated in crocodiles.
In Crocodylus johnstoni, maximum yolk-free hatchling mass occurred at the lowest 
incubation temperature (28°C). This result is not consistent with my results; in alligators, 
maximum yolk-free hatchling mass occurred at an intermediate temperature (32°C). In the 
turtle, Chelydra serpentina, intermediate incubation temperatures produced maximum total 
hatchling mass, whereas low and high temperatures produced lower hatchling masses 
(Packard et al. 1987; Packard et al. 1988; Brooks et al. 1991).
Temperature also influences the hatchling mass of reptiles that do not show 
temperature-dependent sex determination (TSD). Intermediate temperatures produced 
maximum hatchling mass in bull snakes, Pituophis melanoleucus (Gutzke and Packard 
1987). In the lizard, Podarcis mural is, low to intermediate temperatures result in maximum 
hatchling mass (Van Damme et al. 1992). In birds, viable incubation temperatures occur 
over a much smaller range than in reptiles (Deeming and Ferguson 1991; Vleck and Hoyt 
1991). Yet, maximal embryonic growth also occurred at intermediate incubation 
temperatures (Romanoff et al. 1938; Romanoff 1944; Deeming and Ferguson 1991; Vleck 
and Hoyt 1991). Recent data suggest that incubation temperatures early in development 
affect post-hatching physiology of birds (Decuypere and Michels 1992).
Hatchling Morphometries
The effect of temperature on hatchling body dimensions was significant. Incubation at 
32°C produced maxima for all body dimensions and 29°C produced minima. The effects of 
temperature on head dimensions generally resulted in maxima at 32 or 33°C and minima at 
29°C. The small differences in head dimensions due to temperature reflect the smaller size
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of the head compared to the body. Temperature effects on hatchling body dimensions, in 
addition to mass, indicate that significant differences in body mass are due to actual 
variations in growth of tissues as opposed to other factors, i.e., water content or fat storage 
(Hi tton 1987; Whitehead et al. 1990). Furthermore, the significant differences even in 
head dimensions emphasize the effect of incubation temperature on alligator 
embryogenesis.
Intermediate incubation temperatures only maximized hatchling size of crocodilians in 
one other study; Hutton (1987) reported that Crocodylus niloticus hatchlings from 3!.0°C 
were longer than those from 28.0 or 34.0°C. However, Schulte (1989) found that the total 
length of alligator hatchlings was greater at 30°C than at 32 or 34°C. Data on caimans 
suggest that the total length of hatchlings increases with incubation temperatures between 
30 and 34°C (Campos 1993). Other studies have not reported significant temperature 
effects on hatchling linear dimensions in alligators (Ferguson and Joanen 1983; Deeming 
and Ferguson 1989a, 1990) or in crocodiles (Webb and Cooper-Preston 1989).
In the turtle, Chrysemyspicta, low and intermediate incubation temperatures produced 
long carapace lengths, whereas high temperatures produced shorter lengths (Gutzke et al. 
1987; Packard et al. 1989). In non-TSD species, intermediate temperatures also maximized 
the snout-vent length of the lizard, Podarcis muralis (Van Damme et al. 1992), and of three 
species of snakes, Pituophis melanoleucus, Coluber constrictor, and Lampropeltis getulus 
(Gutzke and Packard 1987; Burger 1990).
Energy Reserves
The residual yolk mass (x=5.33 g; SD-1.34) averaged 10.2% (range=4.9 to 17.3%) 
of the total hatchling mass in this study. Larger values have been reported for alligators 
between 5 and 30% (Deeming and Ferguson 1989a) and 22.6% (Fischer et al. 1991). In
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reptiles and birds, the amount of residual yolk is generally large. Yolk mass to hatchling 
mass ratios have been reported from 1 to 28% in turtles, iguanas, and snakes (Wilhoft 
1986; Gutzke and Packard 1987; Werner 1988; Vleck and Hoyt 1991) and from 8 to 
34.0% in birds (Romanoff 1944, 1967; Vleck et al. 1984; Ar et al. 1987; Duncan 1987).
Incubation temperature strongly affected the pattern of yolk utilization of embryonic 
alligators and resulted in large yolk differences at hatching. Residual yolk mass was 
inversely related to yolk-free hatchling mass and manifested fluctuating high and low 
values over the range of temperatures. Large yolk mass occurred at 31 and 33°C, whereas 
small yolk mass occurred at 29 and 32°C. The fluctuating peaks of yolk mass suggest that 
the pattern of yolk utilization is more complex than previously hypothesized.
Previous studies have reported inconsistent values for hatchling yolk mass in 
alligators. Maximum yolk mass occurred at 30°C (Ferguson and Joanen 1983; Schulte
1989) and at 33°C (Deeming and Ferguson 1989a). The results of these previous studies 
are subject to error from small sample sizes and complicating clutch effects. In one of these 
early studies (Ferguson and Joanen 1983), low temperature embryos were sacrificed early 
in development, thus, the report of heavy yolk mass at low temperatures was misleading 
(Webb et al. 1987). Also, in previous studies, yolk mass was not standardized to initial 
egg mass.
In Crocodyliis johnstoni hatchlings, residual yolk mass increased consistently over the 
range of viable incubation temperatures from 28 to 34°C and was negatively correlated to 
yolk-free body mass (Manolis et al. 1987; Webb et al. 1987; Whitehead 1987; Whitehead et 
al. 1990; Whitehead el al. 1992). This pattern of yolk utilization was due to the long 
incubation periods at low temperatures allowing embryos to metabolize more yolk with 
consequent increases in growth (Manolis et al. 1987; Deeming and Ferguson 1989a). In 
the turtle, Chelydra serpentina, hatchling yolk mass increased with incubation temperature
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as in Crocodylus johnstonr, however, low viable temperatures (<26°C) were not examined 
(Packard et al. 1987; Packard et al. 1988).
In non-TSD species, yolk remaining in the eggs of hatchling bull snakes, Pituophis 
melanoleucus, and hatchling iguanas, Iguana iguana, was also negatively correlated with 
total length (Troyer 1983; Burger et al. 1987; Werner 1988). In most bird species, 
deviation from normally constant incubation temperature causes high embryonic mortality 
(Deeming and Ferguson 1991; Vleck and Hoyt 1991). And extreme temperatures within 
the viable range decrease yolk utilization, whereas intermediate temperatures allow efficient 
yolk utilization (Romanoff 1934, 1943, 1944; Romanoff et al. 1938).
The residual yolk of hatchling reptiles is an important energy resource (Ewert 1985; 
Congdon 1989; Congdon and Gibbons 1990). In alligator eggs incubated at 32°C (±1°C), 
only 26% of the original energy contained in the initial yolk was used for embryogenesis, 
whereas 74% was transferred to the hatchling body and residual yolk (Congdon and 
Gibbons 1989; Fischer et al. 1991). In Crocodylus johnstoni embryos incubated at 31°C, 
more than 40% of the original egg energy was stored in the hatchling yolk (Whitehead et al. 
1992). Comparable values have been recorded for turtles (Congdon et al. 1983ab;
Congdon 1989; Wilhoft 1986), lizards (Vitt 1974), and birds (Romanoff 1967; Aret al. 
1987).
Total fat mass (x=2.21 g; SD=0.178) averaged 44.2% (range=23.4 to 100.0%) of the 
residual yolk, but only 4.3%< (range=3.5 to 5.1%) of the total hatchling mass. The 
formation of fat bodies from the initial yolk may complicate the exact relationship between 
incubation temperature and yolk mass. However, among representative tissues, the 
amount of total fat was not affected by temperature and varied little in magnitude. The 
effect of temperature on the mass of fat bodies has not been reported in other reptiles. The 
difference in appearence of the intestinal fat body from the other abdominal fat bodies may 
suggest a biochemical difference in lipid content or a biological difference in the amount of
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vascularization. Some mammals utilize a second fat, brown fat, for thermogenesis and 
acclimating to cold ambient temperatures (Eckert and Randall 1983). The intestinal fat 
body of alligators probably serves as a secondary energy resource.
Fat bodies provide substantial energy reserves to the hatchling in addition to yolk 
lipids. The consistent fat mass among hatchlings from different incubation temperatures 
indicates that fat bodies are more conserved than yolk mass. Snell and Tracy (1985) found 
that abdominal fat bodies were metabolized slower than the yolk mass and functioned as 
long-term energy reserves in the Galapagos land iguana, Conolophus suhcristatiis. Fat 
bodies also compliment the energy reserves of hatchling crocodiles (Whitehead et al.
1990). In green iguanas, the largest hatchlings converted more yolk to fat bodies, 
presumably due to optimal hydric conditions (Werner 1988). These trends suggest that fat 
bodies may play an important role during environmental crises if yolk reserves are quickly 
depleted. In adult reptiles, fat bodies are utilized during hibernation, severe environmental 
conditions, and seasonal reproductive cycles (Fox 1977; Gregory 1982; Duvall et al.
1982; Seigel and Ford 1987).
Adaptive Significance
How body dimensions, body mass, and yolk mass of hatchlings actually influence the 
survival of alligators is not clear. In other hatchling reptiles, behavioral attributes and 
levels of performance vary with incubation temperature (Burger 1989, 1990, 1991; Van 
Damme et al. 1992). Incubation temperature also influences hatchling size in some reptiles 
which may ultimately affect survival (Troyer 1983; Gutzke and Packard 1987; Werner 
1988; Burger 1990). My study revealed two patterns of growth of hatchling alligators: (1) 
large hatchlings with a small yolk mass and (2) small hatchlings with a large yolk mass. 
Variation in incubation temperature is one mechanism by which variation in hatchling size,
50
hatci.ling mass, and yolk mass may be maintained in nature. The adaptive value of such 
variation within a population is that hatchlings from different nest temperatures would be 
preadapted to various environmental conditions (Lang 1987b; Deeming and Ferguson 
1989b, 1991).
The advantages of large body size produced at 32°C probably outweigh those of large 
yolk mass at 33°C. Large body size may confer a head start in growth to hatchlings 
incubated at 32°C. Large size may also limit the number of a hatchling's predators. 
Combined with a small yolk, large hatchlings have greater mobility and agility to forage 
and avoid predation. Longer 1'mbs and trunks may translate into advantages in locomotion 
even among individuals with similar body masses. Appearing to lack these qualities, small 
hatchlings with large yolk masses are more susceptible to predation. Previous studies 
suggest that maximum post-hatching growth rates also occur at intermediate incubation 
temperatures in crocodilians (31 to 32°C) and in turtles (Joanen et al. 1987; Webb and 
Cooper-Preston 1989; Brooks et al. 1991; McKnight and Gutzke 1993).
Fischer et al. (1991) contend that hatchling alligators do not effectively capture small 
prey and imply that a large yolk mass is more adaptive. However, hatchling alligators tire 
adept predators of insects (Crouch 1977). Furthermore, hatching normally occurs when 
food resources, e.g., insects, fish, amphibians, shrimps, and crustaceans, are abundant. 
Naive predators for the first few days of life, hatchlings maintained at high temperatures 
have a lower mortality, metabolize residual yolk rapidly, and begin to feed 3 to 4 d post- 
haiching (Joanen and McNease 1976, 1977, 1991; Crouch 1977; J. W. Lang personal 
communication). Wild hatchlings may thermoregulate at high temperatures during the 
summer and probably begin feeding before the yolk is completely absorbed. Feeding 
actually increased the metabolism of the residual yolk in birds (Romanoff 1944). And in 
this study, hatchlings from all temperatures received a substantial investment of yolk. Even 
the minimum yolk mass of 2.2 g would fuel a hatchling until feeding commences.
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Large yolk reserves (produced at 31 and 33°C here) function as energy reserves and 
may increase hatchling survival when food is scarce and/or environmental conditions are 
severe (Whitehead and Seymour 1990; Ewert 1991). The energy dense yolk apparently 
supports the hatchling alligator for several weeks or months after hatching (Fischer et al.
1991). And, although yolk is still found in 2 to 3 month old hatchlings maintained in 
captivity at high temperatures and fed regularly, the importance of residual yolk is probably 
overstated (see above). Under normal conditions, it is more likely that yolk reserves 
function as an immediate energy supply at hatching, and only represent a secondary 
resource to feeding 1 to 2 w'eeks after hatching (J. W. Lang personal communication).
Yolk reserves provide necessary energy for delayed hatching and nest emergence in other 
crocodilians. .irtles, and lizards (Carr and Mirth 1961; Prange and Ackerman 1974; 
Gibbons and Nelson 1978; Troyer 1983; Snell and Tracy 1985; Werner 1988; Whitehead 
and Seymour 1990). Delayed hatching is probably not important in alligators. The need 
for increased body mass to endure hibernation probably selects for early maternal 
excavation of hatchlings followed by rapid hatchling growth.
Clutch Effects
This study revealed the importance of controlling clutch effects among egg samples. 
Most hatchling parameters varied significantly among clutches. In addition, highly 
significant temperature by clutch interactions for most hatchling characteristics complicated 
statistical analysis and interpretation. Significant interactions indicated that the effect of 
temperature was dependent on the clutch of origin of the eggs. Clutch effects on hatchling 
mass have been reported previously in alligators (Schulte 1989), crocodiles (Hutton 1987), 
turtles (Brooks et al. 1991; McKnight and Gutzke 1993), and iguanas (Troyer 1983; 
Werner 1988). Clutch by temperature interactions were also observed in Crocodylus
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niloticus hatchlings (Hutton 1987). Ricklefs and Cullen (1973) reported that yolk mass 
was affected by clutch in Iguana iguana. Clutch influences temperature-dependent sex 
ratios in crocodilians (Lang and Andrews In press) and in turtles (Bull et al. 1982; Janzen
1992).
The clutch effects and the temperature by clutch interactions explained significant 
variation in embryonic growth. These results imply that there are genetic and/or maternal 
components to hatchling size as well as temperature effects. In turtles, two studies indicate 
that temperature-dependent sex ratios are significantly heritable in Graptemys ouachitensis 
and Chelydra serpentina (Bull et al. 1982; Janzen 1992). Janzen (1992) suggests that the 
temperature by clutch interaction could be a mechanism for maintaining genetic variation in 
the sex ratio, but the temperature by clutch interaction was not significant in his study.
Sex Differences at 32°C
At 32°C, sex differences were highly significant for yolk-free hatchling mass and 
residual yolk mass of hatchling alligators. The residual yolk of females weighed more than 
that of males, but yolk-free hatchling mass of males was greater than that of females. Sex 
differences in total hatchling mass were not significant. Among morphometric 
measurements, only head width and snout length showed significant sex differences at 
32°C; male dimensions were larger than those of females. The effect of sex could not be 
separated from the effect of temperature at 29, 31, and 33°C. Both sexes were produced at 
only one temperature (32°C). A previous study found that male total hatchling mass was 
slightly greater than female mass at 32°C (Joanen et al. 1987). In contrast, other studies 
have not reported male and female differences at 32°C in hatchling alligators (Ferguson and 
Joanen 1983; Schulte 1989).
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Maintenance of TSD
Sex differences at 32°C support the hypothesis of temperature-dependent fitness to 
explain the maintenance of temperature-dependent sex determination (TSD) in reptiles 
(Charnov and Bull 1977; Bull 1980, 1983; Bull and Bulmer 1989; Bull and Charnov 1989; 
Deeming and Ferguson 1989b; Ewert and Nelson 1991). This hypothesis predicts that 
TSD would be favored over genetic sex determination if fitness is affected by 
environmental conditions and one sex experiences a differential fitness over the other. 
Differences in non-sexual traits (e.g., hatchling size, energy reserves, and post-hatching 
growth rates) may lend a selective advantage to one sex over the other (Lang et al. 1989; 
Deeming and Ferguson 1989b) and ultimately be expressed as the sexual dimorphism in 
adults; males grow larger than females. Interestingly, large size appears to be more 
adaptive to adult males. The social structure of crocodilians is organized in a dominance 
hierarchy based on size; large individuals dominate inferior sized conspecifics and may 
obtain superior food resources, reproduction, or other advantages (Garrick and Lang 
1977; Lang 1987a). Male alligators defend breeding territories against other males during 
the breeding season (T. Joanen personal communication) and the largest males probably 
gain the most copulations (Deeming and Ferguson 1991).
Conclusions
The lack of ecological studies makes inferences on the adaptive significance of 
hatchling features highly speculative. At the time of this study, it was not known that high 
temperatures r 34°C also produce female alligators (Lang and Andrews In press). 
Temperatures above 34°C should result in small hatchlings with large yolk reserves.
Higher temperatures increase developmental rates but decrease the time for growth.
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Temperatures above 34°C are probably sub-optimal for the biochemical processes 
associated with yolk utilization and tissue growth. High temperature hatchlings with large 
yolk sacs will probably manifest low survival under most environmental conditions 
compared to larger hatchlings from optimal intermediate temperatures.
The profound effects of incubation temperature on some hatchling parameters 
probably enhance the survival of some hatchlings over others. Variation in hatchling 
parameters may allow some individuals to survive in certain environmental conditions 
better than others. Thus, under changing environmental conditions, a percentage of the 
hatchling population will be well-adapted. Some hatchling attributes are also correlated 
with sex. Such results support the theory of temperature-dependent fitness to explain the 
adaptive value of temperature-dependent sex determination in alligators.
SEXUAL DIMORPHISM
Introduction
Embryonic development and adult morphology of the urogenital system of reptiles has 
been detailed in numerous studies during the past 100 years (Burns 1955; Dufaure 1966ab; 
Marois 1971; Fox 1977; Raynaud and Pieau 1985). The development of sex in 
crocodilians is epecially interesting because incubation temperature detemiines the sex of all 
species examined to date (Bull 1980; Ferguson and Joanen 1983; Joanen et al. 1987; Lang 
1987b; Webb et al. 1987; Lang et al. 1989; Webb and Cooper-Preston 1989; Lang and 
Andrews In press). Originally, Forbes (1940ab) described the formation of the Mullerian 
and Wolffian ducts, phases of gonadal development, and observed a period of bisexuality 
during embryogenesis in Alligator mississippiensis. A detailed account of the histology of 
hatchling gonads and reproductive ducts revealed that sex is determined before hatching 
(Ferguson and Joanen 1983). Subsequent experiments have demonstrated that sex 
determination is sensitive to temperature between days 30 and 45 of incubation (Lang and 
Andrews In press), and coincides with the onset of gonadai sex differentiation (Smith and 
Joss 1993).
The genital embryology of crocodilians was reviewed in relation to temperature- 
dependent sex determination (TSD) by Ferguson (1985). The sex of crocodilians >0.6 m 
total length can be identified effectively by macroscopic examination of the genitalia (Viosca 
1939; Brazaitis 1968; Whitaker 1975; Honegger 1978; Whitaker et al. 1980; Lai and Basu 
1982; Subba Rao 1981). Previous studies on Alligator mississippiensis have reported that
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sexual differentiation of the genitalia is absent in hatchlings, but appears in individuals 
>0.6 m total length (Viosca 1939; Chabreck 1963; Joancn and McNease 1978; Ferguson 
and Joanen 1983; Ferguson 1985). In crocodiles, marked sex differences in the genitalia 
of hatchlings were observed in Crocodylus pnrosus, C. johnstoni, C. niloticus, and C. 
palustris (Webb et al. 1983, 1984; Webb and Smith 1984; Hutton 1987; Lang et al. 1989; 
J. W. Lang and H. V. Andrews personal communication). Sexual differences in the 
genitalia of hatchlings are more apparent in crocodiles than in alligators. However,
Lang and Andrews (In press) recently used a method which was initially developed for 
mugger crocodiles, on alligators, and were able to distinguish between male and female 
hatchlings. This study is a continuation of that work. Gonadal differentiation in 
crocodilians has been described in detail, but little is known about the effect of incubation 
temperature on genital development.
The objectives of this study were: 1) to determine the effect of incubation temperature 
on the morphology of the hatchling genitalia, 2) to use this data to evaluate and test a 
method for determining the sex of hatchling alligators, and 3) to characterize subsequent 
differences in the genitalia of juvenile males and females. Observations of differences in 
hatchling morphology at different temperatures will elucidate the pattern of sexual 
dimorphism in juvenile alligators. An efficient method for sexing young alligators will 
facilitate experimental studies and management programs.
Materials and Methods
Hatchlings
Fresh eggs of Alligator mississippiensis were collected in June, 1991, at the 
Rockefeller Wildlife Refuge, in southwestern Louisiana, USA. After collection, the eggs
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were cleaned and individually numbered by clutch and egg number. The eggs were placed 
in large styrofoam boxes containing moist vermiculite and driven by car to the University 
of North Dakota. Next, the eggs were measured, weighed, and candled. Infertile 
were removed during the initial processing.
Fertile eggs (n=129) from three clutches were incubated to pipping at four constant 
temperatures. Ten eggs from each clutch were incubated at 29, 31, and 33°C, whereas 13 
eggs from each clutch were incubated at 32°C to increase the sampie size at the temperature 
producing both sexes. Constant incubation temperatures wf're maintained to ±0.1°C in 
specially designed foam box incubators (Lang and Andrews In press).
Eggs were incubated completely through development at constant temperature. At 
hatching, each egg was frozen in a sealed plastic container and later thawed for data 
collection. Snout-vent length (SVL) of hatchlings was measured ventrally from the tip of 
the snout to the posterior edge of the cloaca. The clitero-penis (CTP) w s removed with 
micro-scissors at its base along the anterior wall of the cloaca. Foui CTP dimensions were 
measured on fresh tissue with calipers to ±0.1 mm (Fig. 20): 1) total length measured from 
the base to the extreme tip, 2) lateral width measured as the maximum horizontal width at 
the mid-section enlargement, 3) base length measured from the base to the end of the first 
segment, and 4) depth measured as the maximum vertical width at the mid-section 
enlargement.
Hatchlings were dissected and gonadal sex was determined macroscopically by shape, 
texture, and color of the gonads and by the presence or absence of oviducts (Forbes 
1940ab; Ferguson and Joanen 1983; Hutton 1987). Constant incubation at 29 and 31°C 
produced 100% females, whereas, 33°C produced 100% males. Mixed sex ratios 
(malesifemales) resulted from constant incubation at 32°C (total=24:14, clutch 1 = 10:3, 
clutch 2=8:4, clutch 3=6:7). Clitero-penis length was graphed against CTP volume (lateral 
width x depth x base length) for each clutch. Dashed lines were inserted into these graphs
Figure 20. Four clitero-penis (CTP) dimensions of (a) male and (b) female hatchling alligators: L=total length; B=base length; D=depth.
CTP lateral width was measured 90° to CTP depth and CTP length (see Fig. 28).
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to separate males (32 and 33°C) and females (29 and 31°C). Females at 32°C, fell into the 
male quadrant. Mean . ffferences in CYP dimensions were tested with independent T-tests 
using Systat 5.2 (SYSTAT 1992). Discriminant analysis w'as also performed to 
distinguish between male and female groupings. Significance levels were determined at 
P<0.05 (two-tailed).
Three Month Hatchlings
Eggs (n=178) from 16 clutches were collected and processed as above. However, 
these eggs were shifted to different temperatures above and below 32°C at various times 
during incubation in another experiment. As a consequence of these temperature shift 
experiments, the incubation temperature averaged near 32°C. Additional eggs (n=13) were 
incubated at 34°C constant temperature.
Sex determinations of live, temperature-shifted hatchlings were made by cloacal 
examination at hatching (Ferguson and Joanen 1983; Webb et al. 1984). Alligators were 
held under a magnifying ring light and the cloaca was probed with forceps to expose the 
genitalia. Hatchlings were separated into males and females based on the relative size, 
shape, and color of the clitero-penis (CTP) Tv/o investigators each made two separate sex 
determinations at hatching. Difficult specimens were resexed a third time.
Hatchlings w'ere maintained in round tanks with shallow water at identical temperature 
and feeding conditions. At 3 months (SVL=125-175 mm), natchlings were injected with a 
lethal dose of nembutal and dissected. The genitalia were removed and measured as above. 
Earlier predictions of sex based on cloacal examination w-erc compared to macroscopic 
examination of the gonads to verify hatchling sex. In addition, histological sections of the 
gonads from 62 specimens were examined to confirm determinations of gonadal sex. 
Statistical tests of male and female CTP measurements were performed as above.
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.1 u v enilcs
Measurements of clitero-penis dimensions were made on 6 to 24 month old juveniits 
(SVL=250-450 mm). The relationship between CTP dimensions and snout-vent length in 
each sex was determined by linear regression. The resulting slopes were compared using 
analysis of covariance.
Results
H atchlings
Clitero-penis length of all males (x=4.1 mm; n=53; SE=0.026) was significantly 
greater than that of pooled 29 and 31°C females (x=2.8 nun; n=57; SE=0.032) (t-30.7; 
df= 108; P<().0(X)1). Other male CTP dimensions, lateral width (t=13.2; df= 108; 
PcO.OQOl), base length (t=23.5; df=108; P<0.0001), and depth (t=9.7; df=108;
PcO.O(X)l), were significantly greater than those of pooled 29 and 31°C females (Table 4 
and Appendix IIT\  Two major groupings were evident when CTP length was regressed on 
volume; all males formed one cluster above the 29 and 31°C female cluster (Fig. 21). 
Females at 32°C were closer to the male group; however, the CTP dimensions of 32°C 
females concentrated at the bottom of the male cluster (Fig. 22). At 32°C, male CTP length 
(x=4.1 mm; n=24; SE=0.029) >\uj significantly greater than 32°C female CTP length 
(x=3.7 mm; n=14; SE=0.087) (t=4.8; df=36; P=0.001). Male base length (t=2.8; df=36; 
P=0.(X)8) was also significantly greater than female base length at 32°C, but lateral width 
(t=0.5; df=36; P=0.63) and depth (t=1.9; df = 36; P=().()7) were not. Regression of clitero- 
penis (CTP) length on snout-vent length (SVL; was not significant for males (r2=0.(X)9; 
n=53; P=0.50) or females (r2=0.(X)2.; n=57; P=0.75).
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Table 4. Sample means and descriptive statistics of clitero-penis (CTP) dimensions of 
hatchling alligators from four constant incubation temperatures.
Dimensions TEMP SEX X MIN MAX SD VAR SEM n
CTP Length 29, 31 F 2.8 2.3 3.5 0.24 0.060 0.032 57
32, 33 M 4.1 3.6 4.6 0.19 0.037 0.026 53
CTP Lateral 29, 3 1 F 0.9 0.7 1.2 0.12 0.013 0.015 57
Width 32, 33 M 1.3 0.9 1.7 0.16 0.026 0.022 53
CTP Base 29, 31 F 1.8 1.3 2.1 0.21 0.043 0.028 57
Length 32, 33 M 2.8 2.1 3.3 0.26 0.070 0.036 53
CTP Depth 29, 31 F 1.4 1.1 1.9 0.16 0.027 0.022 57
32, 33 M 1.7 1.2 1.9 0.14 0.020 0.019 53
CTP Length 29 F 2.7 2.3 3.2 0.21 0.042 0.038 29
31 F 3.0 2.6 3.5 0.24 0.056 0.045 28
32 F 3.7 3.1 4.3 0.33 0.106 0.087 14
32 M 4.1 3.7 4.4 0.14 0.020 0.029 24
33 M 4.2 3.6 4.6 0.22 0.050 0.041 29
CTP Lateral 29 F 0.9 0.7 1.2 0.12 0.015 0.023 29
Width 31 F 1.0 0.8 1.2 0.10 0.011 0.019 28
32 F 1.2 0.8 1.8 0.24 0.060 0.065 14
32 M 1.2 0.9 1.7 0.19 0.037 0.039 24
33 M 1.3 1.1 1 0 0.10 0.010 0.019 29
CTP Base 29 F 1.7 1.5 2.0 0.20 0.041 0.038 29
Length 31 F 1.8 1.4 2.1 0.20 0.040 0.038 28
32 F 2.5 1.9 2.9 0.28 0.076 0.074 14
32 M 2.7 2.1 3.1 0.26 0.068 0.053 24
33 M 2.9 2.4 3.3 0.24 0.060 0.045 29
CTP Depth 29 F 1.4 1.1 1.9 0.1 5 0.022 0.027 29
31 F 1.4 1.2 1.9 0.18 0.033 0.034 28
32 F 1.6 1.4 1.7 0.1 1 0.012 0.029 14
32 M 1.7 1.2 1.9 0.1 6 0.026 0.033 24
33 M 1.7 1.4 1.9 0.1 3 0.016 0.023 29
CTP Volume 29 F 2.1 1.2 3.4 0.493 0.243 0.092 29
31 F 2.4 1.5 3.2 0.515 0.266 0.097 28
32 F 4.7 2.3 8.4 1.440 2.075 0.385 14
32 M 5.6 3.4 9.2 1.500 2.251 0.306 24
33 M 6.5 4.4 8.6 0.935 0.874 0.174 29
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Figure 21. Relationship between clitero-penis (CTP) length and CTP volume of hatchling alligators: 29°C females=open triangles;
31°C females=closed triangles; 32°C males=closed circles; 33°C males=open circles. Horizontal and vertical dashed lines separate
males and females by CTP length and volume respectively.
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Figure 22. Relationship between clitero-penis (CTP) length and CTP volume of hatchling alligators: 32°C females=open squares;
32°C males=closed circles. Horizontal and vertical dashed lines from Fig. 21 are shown for comparison.
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Discriminant analysis of the four CTP dimensions showed that the presence of 
separate male and female groups was highly significant (P<0.0001). Males were classified 
correctly every time, but 11 of 71 females (15%) were mis-classified as males. All mis- 
classified females were from the 32°C incubation temperature. Female CTP length was 
<3.5 mm, male CTP length was >4.0 mm, and both sexes occurred between 3.5 and 
4.0 mm.
Patterns within sex were also significant (Fig. 23). Clitero-penis dimensions 
increased among females as temperature increased. At 31°C, two CTP dimensions were 
significantly greater than at 29°C: length (t=3.7; df=55; P=0.0005) and base length (t=2.1; 
df=55; P=0.04). Lateral width (t=1.8; df=55; P=0.08) and depth (t=0.7; df=55; P=0.48) 
were not significantly different. All CTP dimensions of females from 32°C were 
significantly greater than those from 31°C: length (t=9.0; df=40; P<0.0(X)1), lateral width 
(t=4.2; df=40; P=0.0002), base length (t=8.9; df=40; P<().0()01), and depth (t=3.2; 
df=40; P=0.()03). Among males, CTP length did not differ from 32 to 33°C (t=1.0; df=51; 
P=0.31), however, CTP volume was significantly greater at 33°C due to increases 
in lateral width (t=3.0; df=51; P=0.004) and base length (t=2.5; df=51;P=0.02).
Three Month Hatchlings
At 3 months post-hatching, clitero-penis (CTP) length of male, temperature-shifted 
hatchlings (x=4.6 mm; n=98; SE=0.046) was significantly greater than that of temperature- 
shifted females (x=3.5 mm; n=66; SE=0.059) (t=14.7; df=162; P<0.0001). All CTP 
dimensions of temperature-shifted males were greater than those of females (Table 5). 
Specifically, differences were evident in lateral width (t= 12.7; df= 145; P<0.()001), base 
length (t=l 1.7; df=90; P<().()0()1), and depth (t=12.7; df=90; P<().()()() 1). Distinct male
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Figure 23. Temperature means of the relationship between clitero-penis (CTP) length and CTP volume of hatchling alligators:
29°C females=open triangles; 31°C females=closed triangles; 32°C females=open squares; 32°C males=closed circles; 33°C males=
open circles. Error bars represent ±2 SEM. Horizontal and vertical dashed lines from Fig. 21 are shown for comparison.
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Table 5. Sample means and descriptive statistics of the clitero-penis (CTP) dimensions of 
3 month old alligators incubated near 32°C.
Dimensions TEMP SEX X MIN MAX SD VAR SEM n
Snout-Vent 32 F 145 120 161 9.4 88.5 1.75 29
Length 34 F 147 137 152 4.9 24.0 1.48 11
32 M 145 125 165 10.5 110.9 1.33 63
Total Length 32 F 292 252 322 17.0 290.6 3.17 29
34 F 290 270 301 10.4 108.8 3.14 11
32 M 294 252 352 20.0 399.1 2.52 63
CTP Length 32 F 3.5 2.6 4.8 0.48 0.227 0.059 6 6
34 F 3.5 3.0 4.2 0.39 0.150 0.117 11
32 M 4.6 3.5 5.7 0.46 0.212 0.047 98
CTP Lateral 32 F 1.1 0.8 1.6 0.15 0.021 0.019 58
Width 34 F 1.2 0.9 1.4 0.15 0.022 0.044 11
32 M 1.4 1.2 1.8 0.16 0.024 0.016 89
CTP Base 32 F 2.0 1.2 2.6 0.32 0.103 0.045 51
Length 34 F 2.2 1.6 3.1 0.46 0.214 0.139 11
32 M 2.8 2.1 3.4 0.36 0J28 0.056 41
CTP Depth 32 F 1.3 0.9 1.8 0.17 0.028 0.023 51
34 F 1.3 1.2 1.4 0.09 0.008 0.026 11
32 M 1.7 1.4 2.0 0.13 0.017 0.020 41
CTP Volume 32 F 2.8 1.3 4.7 0.77 0.598 0.109 50
34 F 3.4 1.7 6.1 1.13 1.287 0.342 11
32 M 6.8 4.2 9.8 1.55 2.393 0.242 41
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and female groups were obvious in regressions of CTP length on volume, although 
minimal overlapping did occur between sexes (Fig. 24).
Females from constant incubation at 34°C fell in the same range as temperature-shifted 
females (Figs. 24 and 25). At 34°C, the CTP length of females (x=3.5 mm; n=l 1;
SE=0.117) was not significantly different from temperature-shifted females (t=0.1; df=75; 
P=0.93). Similarly, CTP lateral width (t=1.6; df=67; P=0.11) and depth (t=0.2; df=60; 
P=0.87) were not significantly different either. However, the CTP base length of 34°C 
females was significantly larger than that for temperature-shifted females (t=2.1; df=60; 
P=0.()3). Snout-vent length explained significant variation in male CTP length (CTP 
length=0.35+0.0288(SVL); r2=0.425; n=62; P<0.0()01) but not in female CTP length 
(CTP length=2.73+0.00431 (SVL); r2=0.016; n=29; P=0.51) (Fig. 26).
Juveniles
Snout-vent length explained significant variation in male CTP length (CTP length=- 
1.16+0.0394(SVL); r2=0.830) and in female CTP length (CTP length=-0.039+0.0176 
(SVL); r2=0.403). Male CTP length increased at a greater rate than female CTP length in 
juveniles (Fig. 27) (ANCOVA; F=24.27; df=l,9; P<().()0()1). Differences in the other 
CTP dimensions also occurred between male and female juveniles.
Cloacal Sex Determination
The sex of temperature-shifted (n=165) and 34°C hatchlings (n=13) was determined 
by cloacal examination at hatching. Male or female sex was assigned to each live specimen 
by comparing the relative size of the genitalia (Figs. 28 and 29). In addition to size
Figure 24. Relationship between clitero-penis (CTP) length and CTP volume of 3 month old alligators: 32°C females=open squares;
32°C males=closed circles. Horizontal and vertical dashed lines separate males and females by CTP length and volume respectively.
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Figure 25. Relationship between clitero-penis (CTP) length and CTP volume of 3 month old alligators: 34°C females=closed
squares. Horizontal and vertical dashed lines from Fig. 24 are shown for comparison.
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Figure 26. Regressions of clitero-penis (CTP) length on snout-vent length of 3 month old alligators: females=open squares; 
males=closed circles.
Figure 27. Regressions of clitero-penis (CTP) length on snout-vent length of 6 to 24 month old alligators: females=open squares; 
males=closed circles.
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Figure 28. Ventral view of sexual dimorphism of the clitero-penis (CTP) of (a) male and (b) female hatchling alligators observed during
cloacal examination. Vertical scales represent CTP total length (male=4.() mm; female=2.5 mm). Horizontal scales represent CTP lateral
width (male=1.3 mm; fem ale-1.0) measured as the widest cross section along the CTP length.
Figure 29. Lateral v ie w  of sexual dimorphism of the clitero-penis (CTP) of (a) male and (b) female hatchling alligators observed after
removal of CTP from the anterior wall of the cloaca. Vertical scales displayed as in Fig. 28.
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differences, the clitero-penis (CTP) of males was typically reddish presumably due to 
extensive vascularization of surface tissue. In contrast, the female CTP was typically white 
and apparently not as vascularized as male genitalia. Also, the shape of male CTP tended 
to be more diagnostic than it was for females.
Macroscopic examinations of the gonads revealed that 96% (171/178) of the 
hatchlings were diagnosed correctly with respect to sex. The resulting sex ratios 
(males:females) were 99:66 for temperature-shifted hatchlings and 2:11 at 34°C. Six 
hatchlings from the temperature-shifted group were mis-classified as males, but only one 
male was mis-classified as female. Histological sections of gonads from 26 males and 
36 females confirmed that assigned sexes based on macroscopic examination of gonads 
were 100% correct (V. A. Lance personal communication).
Discussion
Sexual Dimorphism in Hatchlings
Morphological differences in the genitalia of hatchlings were found between males and 
females in Alligator mississippiensis. Males had significantly larger clitero-penis (CTP) 
dimensions than females. Male and female differences were more apparent by calculating 
CTP volume. Females incubated at 32°C featured male-like CTP dimensions, but 32°C 
females were still sm.il! i than either 32 or 33°C males. 1‘ievious studies indicated that 
sexual differences in the genitalia do not occur in alligators <0.6 m SVL (Chabreck 1963; 
Joanen and McNease 1978; Ferguson and Joanen 1983; Ferguson 1985). These results are 
not surprising given that the CTP of both sexes is quite small at hatching and CTP size 
differences are consequently small (±1 mm).
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Clitero-penis dimensions (width and depth) in Crocodylus porosus and C. johnstoni 
differed between males and females at hatching as in this study (Webb et al. 1983, 1984). 
Hatchling C. niloticus also manifested substantial differences between sexes in relative size 
and shape of CTP (Hutton 1987). In C. palustris, sexual differences in CTP size were 
readily apparent in hatchlings and were definitive after 6 months (Lang et al. 1989). Rapid 
embryonic development and relatively short incubation periods in alligators contrast to the 
longer incubation periods in Crocodylus species (Lang et al. 1989). Subsequent growth of 
the CTP in alligators may be compromised by this rapid development.
In Alligator mississippiensis, differences in the genitalia are present at hatching. This 
occurs in crocodiles (Webb et al. 1983, 1984; Hutton 1987; Lang et al. 1989) as well as in 
other crocodilians (Lang and Andrews In press). In contrast, the development of the 
genitalia in other reptiles differs from the pattern described here (Raynaud and Pieau 1985). 
Sphenodon completely lacks copulatory organs (Dufaure 1966b). In the lizards Anguis 
fragilis and Mabuya megalura and the turtle Emys orbicularis, the developing genitalia are 
not sexually differentiated at hatching (Raynaud and Raynaud 1965; Dufaure and Chevalier 
1967; Pieau 1974; Raynaud and Pieau 1985). In other lizards and some snakes, the 
genitalia develop similarly in both sexes, then regress in females resulting in sexual 
dimorphism at hatching (Dufaure 1966ab; Hubert et al. 1966; Dufaure and Chevalier 1967; 
Pieau 1968; Raynaud and Pieau 1985). In alligators, the female CTP does not regress, but 
continues to develop and increase in size.
Differences Within Sex
Within each sex, clitero-penis (CTP) size increased with incubation temperature. For 
females, all CTP dimensions increased from 29 to 32°C. Male CTP size only increased in 
width and depth from 32 to 33°C. Increasing CTP size with increasirg temperatures may
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be directly related to processes of temperature-dependent sex determination (TSD). This 
size increase is limited at higher temperatures. Apparently, incubation at 34°C inhibits CTP 
growth. Although no hatchling CTP were examined at 34°C, CTP dimensions from three 
month hatchlings (SVL=125-175 mm) incubated at 34°C were equivalent to those of 
temperature-shifted females (32°C). This suggests that CTP size of 34°C hatchlings will 
develop similarly to 32°C females, however, these experiments have not been done.
Sexua! Dimorphism in Juveniles
Differences in CTP size bet veen sexes increase rapidly during post-hatching growth 
due to the accelerated CTP growth of males compared to females. Regression of CTP 
length on SVL is significant for males at a smaller size (SVL=125-175) than for females 
(SVL=300-450). Yet, SVL does not explain significant variation in the CTP of hatchlings 
in either sex. These results reflect the more rapid growth of the male CTP. However, the 
genitalia of females do not regress, but also increase in size over time. Most studies of the 
differentiation of the genitalia have been done on subadult and adult crocodilians (Viosca 
1939; Brazaitis 1968; Whitaker 1975; Honegger 1978; Joanen and McNease 1978).
Sexual dimorphism in CTP size was extreme in every species examined, but dimorphic 
traits diagnostic of sex are limited to maximum body size in all crocodilian, and the ghara 
ot'Gavialis gangeticus (Martin and Bellairs 1977; Whitaker et al. 1980; Ferguson 1985).
Sex Determination by Cloacal Examination
Sex determination of hatchlings by cloacal examination was highly reliable in Alligator 
mississippiensis. Sex differences in CTP size were evident upon visual observation.
Strong light and low magnification greatly enhanced such observations. Additional criteria,
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notably the color and shape of the CTP, were also used to differentiate between males and 
females. The male CTP was generally reddish, while the female CTP was white. The 
CTP of males was more rounded, whereas that of females was less prominent (Figs. 28 
and 29), although differences in shape were not nearly as dimorphic as in Crocodylus 
species (Webb et al. 1983, 1984; Hutton 1987; Lang et al. 1989). In crocodiles, the male 
CTP is tubular with a bulbous extremity, whereas the female structure is tapered to a sharp 
extremity.
The accuracy of this method was 100% in hatchlings from unisexual temperatures and 
96% from the pivotal temperature (=32°C). Females at 32°C w-ere the most difficult to sex. 
High temperature females incubated at 34°C are equivalent to 32°C females in CTP size.
Sex determination by cloacal examination is most productive when large numbers of 
hatchlings are available. Observations need to be made on numerous hatchlings, especially 
from pivotal temperatures, before the sexual patterns become evident. The analysis can be 
enhanced considerably by using a reference series of males and females whose sexes were 
confirmed by examination of the gonads. This will serve as a guide for subsequent sex 
identifications of large numbers of hatchlings.
Cloacal sexing at hatching increases the efficiency of sorting out large numbers of 
hatchlings. Hus allows wildlife managers and aquaculturists to obtain and/or distribute 
known sex ratios of annual offspring. Describing the genital development of crocodilians 
and how it relates to incubation temperature will lead to a greater understanding of 
temperature-dependent sex determination in reptiles. My results allow comparisons of 
crocodilian genital development with that of other reptiles. An efficient method for sexing 
young alligators will also facilitate experimental studies of TSD.
INTER-CLUTCH VARIATION IN SEX RATIO
Introduction
In reptiles with temperature-dependent sex determination (TSD), mixed sex ratios are 
produced in the transitional range of temperture. Pivotal temperatures within the 
transitional range produce a 1:1 sex ratio (Mrosovsky and Pieau 1991). Conoid ...,.c inter­
clutch variation in pivotal temperatures has been demonstrated in su n k  crocodilians (Lang 
et al. 1989; Lang and Andrews In press) and tin ^Bull et al. 1982;Janzen 1992;
Zaborski et al. 1988). In d H'f ator mississippiensis, two transitional temperatures occur at 
31.5°C<T C and 33.0°C<T<35.0°C; the lower pivotal temperature is about 31.8°C 
(Lang and Andrews In press). Clutches incubated at the same constant temperature within 
the transitional range result in different sex ratios. These differences are not due to thermal 
gradients within the incubators nor within the eggs (J. W. Lang personal communication).
This inter-clutch variation in sex ratio suggests there are additional factors that 
determine sex in a species with TSD. Presumbaly, there is a genetic component to sex 
determination; however, these results could be due to other factors, such as maternal 
effects. The objective of this study was to test the hypothesis that inter-clutch variation 
persists under simulated field conditions in which individual clutches are subjected to 
equivalent temperatures that fluctuate daily. Demonstrating the existence and magnitude of 
inter-clutch variation in sex ratios within a local population is a first step in understanding 
how and why TSD has evolved in reptiles.
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Materials and Methods
Alligator eggs were collected within several days of laying in June, 1991, at 
Rockefeller Wildlife Refuge, southwestern Louisiana, USA. Eggs from over 500 clutches 
were processed and incubated under artificial conditions in accordance with standard 
procedure at Rockefeller Wildlife Refuge (Joanen and McNease 1976, 1977, 1991). Eggs 
from each clutch were placed into an individual wire box containing nest materials. The 
wire boxes were arranged in two layers: a ten by six bottom layer and a ten by four top 
layer, so each incubator (n=12) was capable of holding 100 boxes. Incubators contained a 
layer of shallow water on one side and were heated by electrical thermal conductors.
Incubation temperatures were maintained around 32°C (±1°C) in ten incubators 
(L. McNease personal communication). Incubators were adjusted for daily fluctuations in 
temperature. Temperature differences occurred among incubators and temperature 
gradients were present within incubators. However, high humidity within incubators and 
the thermal inertia of moist nesting materials resulted in minimal temperature differences 
between adjoining clutch boxes. Temperature gradients of 1 to 2°C occurred over the 10 
box incubator length, but adjacent clutch boxes maintained nearly equivalent temperatures. 
Experimental clutches were selected in clusters primarily in the northwest and southeast 
quadrants of each incubator to compare within and among incubators.
At pipping, hatchlings were removed from eggshells and replaced in clutch boxes for 
24 hours to allow separation from embryonic membranes (Joanen and McNease 1976, 
1977, 1991). The sexes of 4,716 hatchling alligators from 160 clutches were determined 
by the method of cloacal examination described in Chapter II. During this procedure, 
various reference series of definitive males and females were set aside for comparisons. I 
dissected the gonads of late embryonic deaths (n=72) to verify cloacal sex determinations. 
This helped to identify the characteristics of each sex at the very beginning of the study.
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Some clutches were especially difficult to sex because the male and female genitalia were 
less differentiated than in other clutches and some clutches were unisexual. Difficult 
clutches were resexed two or three times with a reference series present. After final sex 
determinations, hatchlings were released into controlled environmental chambers.
Results
The resulting sex ratios indicate substantial inter-clutch variation. Sex ratios (n=160) 
ranged from 0 to 100% males in the 32°C incubators (Figure 30). Mean sex ratios per 
incubator ranged from 0 to 39.7% (Table 6). Incubators 5, 7, 11, and 12 produced sex 
ratios that were strongly female biased, whereas the remaining incubators produced mixed 
sex ratios that were still female biased. The number of females produced was significantly 
greater than males. Eighty five clutches hatched 0% males, but only two clutches resulted 
in 100% males.
Examination of adjoining clutches revealed that sex ratios were highly labile among 
clutches that experienced the same incubation conditions. In two cases, a 100% male sex 
ratio occurred beside a 0% male sex ratio. Other examples showed highly variable sex 
ratios from two to eight clutches in the same region: Incubator 4 (0, 53%); Incubator 5 
(77, 0, 31, 0%); Incubator 6 (0, 43, 60, 31%), Incubator 8 (0, 67, 0, 80, 0, 59%); 
Incubator 9 (0, 50, 7, 38, 33%); Incubator 10 (76, 0, 0, 86%) Incubator 11 (10, 0, 44%); 
Incubator 12 (42, 100, 0, 30%); Incubator 13 (0, 74, 20, 100, 31, 0, 78%).
Incubator 4
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Figure 30. Incubator map of sex ratios (% male) of hatchling alligators (n=4,716) from 
160 clutches of eggs incubated near 32 C from Rockefeller Wildlife Refuge, Louisiana, 
USA. Circled clutches were incubated on the upper level.
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Table 6. Mean sex ratios and descriptive statistics of hatchling alligators (n=4,716) from 
160 clutches of eggs from Rockefeller Wildlife Refuge, Louisiana, USA.
Incubator TEMP X MIN MAX SD VAR SEM n
4 32 39.7 0 74 27.99 783.52 8.08 12
10 32 37.6 0 87 36.35 1321.63 9.72 14
6 32 30.7 0 74 27.47 754.42 7.93 12
8 32 28.6 0 80 27.99 783.49 7.48 14
13 32 25.8 0 100 32.49 1055.64 6.03 29
9 32 23.8 0 74 22.88 523.31 6.34 13
'2 32 13.3 0 100 25.49 649.71 5.56 21
5 32 8.0 0 77 19.06 363.41 4.49 18
11 32 7.0 0 44 13.55 183.60 3.39 16
7 32 0.0 0 0 0.00 0.00 0.00 11
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Discussion
Sex ratios of individual clutches were highly variable. The magnitude of variation 
among sex ratios was more than expected from the small temperature gradients within each 
incubator. Individual variation in sex ratios at the same temperature indicates that sex 
determination of alligators is influenced by other factors, e.g., genetic and/or maternal 
effects. In the case of maternal effects, other variables, such as diet, hormonal levels, or 
physiological differences in egg contents, may affect sex determination (Janzen and 
Paukstis 1991). The eftect of initial egg mass on sex ratio was not analyzed in this study.
A genetic component to temperature-dependent sex determination in reptiles would 
indicate that sex determination is under evolutionary control. In turtles, two studies 
indicate that temperature-dependent sex ratios are significantly heritable (Bull et al. 1982; 
Janzen 1992). However, Gillespie and Turelli (1989) show that the genotype-environment 
interaction may be the mechanism maintaining a balanced polymorphism of a certain trait.
In contrast, other models do not suggest the interaction can maintain variation (Via and 
Lande 1985, 1987). And Janzen (1992) concluded that the genotype-environment 
interaction was not significant for maintaining genetic variation in sex ratio.
APPENDICES
APPENDIX I
Treatment means (temperature by clutch) and descriptive statistics of morphometries and 
mass parameters of hatchling alligators from three clutches incubated at four constant 
temperatures. Total hatchling, yolk-free hatchling, and residual yolk masses were 
standardized to initial egg mass by simple regression.
Variable CL TEMP X MIN MAX SD VAR SEM n
Initial Egg Mass 1 29 73.44 68.18 77.83 3.10 9.60 0.98 10
1 31 74.46 66.88 78.69 3.94 15.53 1.25 10
1 32F 73.82 70.21 78.09 3.98 15.84 2.30 3
1 32M 76.35 71.47 81.21 3.57 12.75 1.13 10
1 33 74.62 68.47 78.52 3.39 11.51 1.07 10
2 29 74 08 71.90 75.94 1.66 2.74 0.52 10
2 31 76.37 71.80 81.91 3.06 9.37 0.97 10
2 32F 74.80 71.37 76.90 2.41 5.80 1.20 4
2 32M 75.26 71.82 77.28 2.10 4.43 0.74 8
2 33 74.32 69.48 78.95 3.05 9.29 0.96 10
3 29 77.56 72.40 80.90 2.60 6.74 0.82 10
3 31 80.00 77.40 84.20 2.15 4.61 0.72 9
3 32F 75.77 73.20 79.40 2.12 4.48 0.80 7
3 32M 76.80 74.90 77.90 1.00 1.01 0.41 6
3 33 79.03 77.00 80.70 1.08 1.17 0.36 9
Total Hatchling 1 29 50.26 48.66 51.28 1.04 1.09 0.33 10
Mass 1 31 51.31 50.47 52.63 0.57 0.32 0.18 10
1 32F 52.04 51.32 52.77 0.73 0.53 0.42 3
1 32M 52.00 50.86 53.12 0.75 0.57 0.24 10
1 33 51.96 51.29 52.77 0.56 0.31 0.18 10
2 29 52.37 51.60 53.51 0.63 0.39 0.20 10
2 31 52.23 50.83 53.72 0.89 0.80 0.28 10
2 32F 52.65 52.16 52.99 0.36 0.13 0.18 4
2 32M 52.98 51.25 54.20 0.90 0.81 0.32 8
2 33 52.59 51.95 53.74 0.56 0.32 0.18 10
3 29 49.63 47.56 51.04 1.33 1.77 0.42 10
3 31 50.36 47.56 51.04 1.33 1.77 0.42 9
3 32F 52.40 51.82 53.24 0.48 0.23 0.18 7
3 32M 53.11 52.30 53.58 0.47 0.22 0.19 6
3 33 52.88 52.19 53.65 0.59 0.34 0.19 10
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8 6
Variable CL TEMP X MIN MAX SD VAR SEM n
Yolk-Free 1 29 46.73 45.14 48.36 1.03 1.07 0.33 10
Hatchling Mass 1 31 46.28 45.20 47.57 0.69 0.47 0.22 10
1 32F 47.30 46.01 48.93 1.49 2.23 0.86 3
1 32M 47.97 46.57 49.55 1.07 1.15 0.34 10
1 33 46.81 45.44 48.00 0.94 0.89 0.30 10
2 29 47.20 45.96 49.06 0.97 0.94 0.31 10
2 31 45.59 43.43 48.25 1.61 2.58 0.51 10
2. 32F 46.28 44.24 47.26 1.37 1.89 0.69 4
2 32M 47.71 45.55 49.18 1.17 1.38 0.42 8
2 33 46.50 44.68 48.55 1.07 1.14 0.34 10
3 29 44.69 40.51 47.60 1.93 3.72 0.61 10
3 31 43.74 40.51 47.60 1.93 3.72 0.61 9
3 32F 46.70 45.96 47.88 0.63 0.40 0.24 7
3 32M 48.50 47.84 49.61 0.65 0.43 0.27 6
3 33 46.65 45.21 47.29 0.64 0.40 0.20 10
Snout-Vent 1 29 121 120 123 1.2 1.56 0.39 10
Length 1 31 124 120 125 1.8 3.29 0.57 10
1 32F 127 125 130 2.5 6.33 1.45 3
1 32M 128 125 130 2.1 4.40 0.66 10
1 33 124 120 127 1.9 3.51 0.59 10
2 29 120 115 124 2.6 6.93 0.83 10
2 31 123 115 130 4.0 15.73 1.25 10
2 32F 124 121 128 3.3 10.92 1.65 4
2 32M 124 119 127 2.9 8.29 1.02 8
2 33 127 124 131 2.5 6.10 0.78 10
3 29 117 115 120 1.7 2.90 0.54 10
3 31 120 112 125 4.0 16.36 1.35 9
3 32F 123 120 127 2.9 8.67 1.11 7
3 32M 125 122 128 2.2 4.67 0.88 6
3 33 124 123 125 1.0 1.00 0.33 9
Total Length 1 29 238 232 245 3.9 15.33 1.24 10
1 31 247 242 254 4.1 16.67 1.29 10
1 32F 253 249 256 3.5 12.33 2.03 3
1 32M 255 248 263 5.2 27.12 1.65 10
1 33 246 240 254 4.3 18.10 1.35 10
2 29 236 224 243 5.9 34.23 1.85 10
2 31 247 235 257 6.0 35.43 1.88 10
2 32F 250 243 258 6.9 47.00 3.43 4
2 32M 250 243 255 4.6 21.43 1.64 8
2 33 251 245 260 5.2 26.84 1.64 10
3 29 232 228 240 3.7 13.57 1.16 10
3 31 241 232 249 5.0 24.61 1.65 9
3 32F 248 240 250 3.6 12.90 1.36 7
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Variable CL TEMP X MIN MAX SD VAR SEM n
3 32M 251 244 258 4.8 23.07 1.96 6
3 33 246 242 250 2.6 7.00 0.88 9
Trunk Length 1 29 74.6 72.4 76.7 1.67 2.80 0.75 5
1 31 75.9 73.8 79.4 1.53 2.33 0.48 10
1 32F 80.4 80.3 80.5 0.14 0.02 0.10 2
1 32M 79.5 75.3 81.2 1.81 3.29 0.57 10
1 33 76.4 71.2 80.3 3.46 11.96 1.41 6
2 29 72.6 70.5 75.9 1.90 3.60 0.60 10
2 31 75.1 68.9 79.6 3.63 13.17 1.15 10
2 32F 77.5 75.4 80.5 2.38 5.65 1.19 4
2 32M 76.7 72.7 79.7 2.51 6.28 0.95 7
2 33 79.3 76.8 82.3 1.94 3.75 0.61 10
3 29 72.0 70.3 73.3 1.14 1.30 0.36 10
3 31 72.4 67.3 76.8 2.99 8.94 1.00 9
3 32F 75.2 72.7 77.6 1.86 3.47 0.83 5
3 32M 77.3 75.9 78.5 1.02 1.03 0.45 5
3 33 76.1 75.3 78.1 1.03 1.06 0.39 7
Inter-Limb Length 1 29 55.7 53.8 57.0 1.48 2.20 0.66 5
1 31 57.3 55.6 59.4 1.00 1.01 0.32 10
1 32F 60.8 60.0 61.5 1.06 1.13 0.75 2
1 32M 60.3 56.2 69.7 3.90 15.24 1.23 10
1 33 56.4 53.4 59.3 2.55 6.49 1.04 6
2 29 54.9 53.5 57.2 1.41 1.98 0.45 10
2 31 57.1 54.6 60.0 1.62 2.62 0.51 10
2 32F 58.1 56.2 60.3 1.73 2.99 0.86 4
2 32M 58.0 55.8 60.3 1.73 2.99 0.65 7
2 33 58.5 56.2 60.4 1.29 1.66 0.41 10
3 29 55.6 51.9 57.0 1.44 2.06 0.45 10
3 31 55.2 51.7 57.2 1.84 3.39 0.61 9
3 32F 57.0 54.1 59.5 1.97 3.90 0.88 5
3 32M 58.2 57.5 59.0 0.69 0.47 0.31 5
3 33 57.7 57.1 58.3 0.52 0.27 0.20 7
Front Limb Length 1 29 45.5 44.3 46.3 0.76 0.58 0.34 5
1 31 47.1 44.7 49.2 1.16 1.35 0.37 10
1 32F 49.2 48.2 50.2 1.41 2.00 1.00 2
1 32M 49.9 48.9 51.3 0.82 0.68 0.26 10
1 33 46.0 43.2 47.9 1.61 2.60 0.66 6
2 29 44.8 41.4 47.0 1.73 2.99 0.55 10
2 31 47.6 45.9 48.9 0.93 0.86 0.29 10
2 32F 48.1 46.7 50.0 1.50 2.24 0.75 4
2 32M 48.4 47.2 49.5 0.88 0.77 0.33 7
2 33 45.7 42.3 47.3 1.49 2.23 0.47 10
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Variable CL TEMP X MIN MAX SD VAR SEM n
3 29 45.2 42.7 47.6 1.25 1.55 0.39 10
3 31 46.9 44.5 49.6 1.74 3.02 0.58 9
3 32F 47.6 46.2 49.3 1.13 1.29 0.51 5
3 32M 46.9 45.7 47.3 0.67 0.45 0.30 5
3 33 44.9 42.4 46.2 1.32 1.73 0.50 7
Hind Limb Length 1 29 55.4 54.1 56.3 0.90 0.81 0.40 5
1 31 59.7 57.9 61.7 1.20 1.45 0.38 10
1 32F 59.7 59.7 59.7 0.00 0.00 0.00 2
1 32M 59.9 56.5 61.7 1.55 2.39 0.49 10
1 33 57.2 55.1 59.6 1.59 2.52 0.65 6
2 29 55.8 52.7 58.3 1.38 1.89 0.43 10
2 31 58.7 56.8 61.3 1.47 2.15 0.46 10
2 32F 58.5 56.6 61.8 2.34 5.49 1.17 4
2 32M 59.4 57.4 60.0 0.95 0.90 0.36 7
2 33 55.9 54.1 58.4 1.42 2.02 0.45 10
3 29 55.7 54.0 57.4 1.25 1.56 0.39 10
3 31 57.2 54.5 58.7 1.36 1.84 0.45 9
3 32F 57.9 56.1 59.3 1.52 2.30 0.68 5
3 32M 58.1 57.0 60.2 1.26 1.58 0.56 5
3 33 56.1 54.8 59.5 1.87 3.50 0.71 7
Head Length 1 29 34.8 34.0 35.7 0.57 0.32 0.18 10
1 31 35.2 34.3 36.1 0.55 0.30 0.17 10
1 32F 35.3 34.5 35.7 0.67 0.44 0.38 3
1 32M 35.4 33.6 36.8 0.91 0.83 0.29 10
1 33 35.6 34.0 36.7 0.84 0.70 0.27 10
2 29 34.8 33.4 36.4 1.12 1.25 0.35 10
2 31 34.9 33.4 36.1 0.69 0.48 0.22 10
2 32F 34.6 34.1 35.1 0.41 0.17 0.21 4
2 32M 35.3 34.3 36.6 0.75 0.56 0.26 8
2 33 34.8 33.4 36.4 0.82 0.68 0.26 10
3 29 34.4 32.7 35.5 0.89 0.80 0.28 10
3 31 34.7 33.2 35.3 0.67 0.45 0.22 9
3 32F 35.1 34.1 35.6 0.51 0.26 0.19 7
3 32M 35.4 34.5 36.2 0.67 0.45 0.27 6
3 33 34.8 33.1 35.7 0.92 0.85 0.31 9
Head Width 1 29 20.4 20.0 20.7 0.29 0.08 0.13 5
1 31 20.3 19.9 21.1 0.34 0.12 0.11 10
1 32F 20.7 20.5 20.9 0.28 0.08 0.20 2
1 32M 20.8 19.7 21.4 0.55 0.30 0.17 10
1 33 20.6 20.3 20.8 0.16 0.03 0.07 6
2 29 20.4 20.0 20.8 0.26 0.07 0.08 10
2 31 20.3 19.8 20.8 0.33 0.11 0.10 10
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Variable CL TEMP X MIN MAX SD VAR SEM n
2 32F 20.2 19.9 20.4 0.22 0.05 0.11 4
2 32M 20.9 20.5 21.2 0.25 0.06 0.09 7
2 33 20.1 19.5 20.5 0.30 0.09 0.09 10
3 29 20.3 19.5 21.2 0.45 0.20 0.14 10
3 31 20.3 19.8 21.1 0.48 0.23 0.16 9
3 32F 20.4 20.1 20.9 0.33 0.11 0.15 5
3 32M 20.8 20.6 21.0 0.18 0.03 0.08 5
3 33 20.2 19.7 20.7 0.36 0.13 0.14 7
Head Height 1 29 16.9 16.5 17.3 0.39 0.15 0.17 5
1 31 17.0 16.3 17.9 0.42 0.17 0.13 10
1 32F 16.5 16.0 17.0 0.71 0.50 0.50 2
1 32M 16.9 16.1 17.4 0.46 0.21 0.15 10
1 33 17.6 17.2 18.1 0.35 0.12 0.14 6
2 29 16.5 15.8 17.1 0.41 0.17 0.13 10
2 31 16.8 16.1 17.2 0.34 0.11 0.11 10
2 32F 16.3 15.6 16.9 0.54 0.29 0.27 4
2 32M 16.6 15.4 17.4 0.75 0.56 0.28 7
2 33 17.5 17.0 18.1 0.39 0.16 0.12 10
3 29 16.8 15.9 17.2 0.36 0.13 0.11 10
3 31 16.8 16.1 17.7 0.47 0.22 0.16 9
3 32F 16.9 16.5 17.4 0.34 0.11 0.15 5
3 32M 16.9 16.2 18.4 0.86 0.73 0.38 5
3 33 17.6 17.0 18.0 0.33 0.11 0.12 7
Snout Length 1 29 14.4 14.0 15.0 0.40 0.16 0.18 5
1 31 14.2 13.2 15.4 0.63 0.39 0.20 10
1 32F 14.9 14.4 15.4 0.71 0.50 0.50 2
1 32M 15.4 14.5 16.9 0.73 0.53 0.23 10
1 33 15.6 15.0 16.3 0.51 0.26 0.21 6
2 29 13.8 12.4 15.8 1.10 1.21 0.35 10
2 31 14.1 13.5 14.5 0.33 0.11 0.10 10
2 32F 14.5 13.7 15.4 0.70 0.50 0.35 4
2 32M 15.6 14.3 16.4 0.83 0.69 0.31 7
2 33 15.3 14.3 16.1 0.64 0.41 0.20 10
3 29 13.3 12.7 14.4 0.56 0.32 0.18 10
3 31 13.9 11.6 14.9 1.01 1.02 0.34 9
3 32F 14.9 14.2 16.3 0.96 0.92 0.43 5
3 32M 15.0 14.4 15.8 0.59 0.34 0.26 5
3 33 15.0 14.3 16.4 0.70 0.49 0.26 7
Mid-Snout Width 1 29 13.4 13.0 14.1 0.46 0.21 0.20 5
1 31 12.7 12.0 13.5 0.50 0.25 0.16 10
1 32F 14.2 14.0 14.4 0.28 0.08 0.20 2
1 32M 14.0 13.1 14.9 0.57 0.33 0.18 10
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Variable
Snout Width 
at Nares
Eye Length
CL TEMP X
1 33 14.4
2 29 12.7
2 31 13.3
2 32F 13.9
2 32M 14.3
2 33 14.5
3 29 12.3
3 31 13.1
3 32F 14.1
3 32M 14.1
3 33 15.0
1 29 9.0
1 31 8.4
1 32F 9.0
1 32M 8.9
1 33 9.3
2 29 8.4
2 31 8.8
2 32F 9.5
2 32M 9.2
2 33 9.4
3 29 8.1
3 31 8.4
3 32F 9.1
3 32M 9.4
3 33 9.7
1 29 11.5
1 31 12.11i 32F 11.7
1 32M 11.7
1 33 12.1
2 29 11.6
2 31 11.6
2 32F 11.5
2 32M 11.6
2 33 11.3
3 29 11.7
3 31 11.6
3 32F 12.0
3 32M 11.6
3 33 11.3
MIN MAX SD
13.9 15.4 0.55
11.6 13.6 0.80
12.6 13.8 0.47
13.1 14.2 0.54
13.9 14.5 0.21
14.1 15.2 0.34
11.9 13.2 0.37
12.5 13.8 0.45
13.9 14.3 0.16
13.3 15.0 0.60
14.5 15.9 0.51
8.4 9.8 0.55
7.9 8.9 0.34
8.6 9.3 0.49
8.1 9.7 0.49
8.9 9.8 0.34
7.5 9.6 0.62
8.2 9.4 0.45
9.2 10.1 0.41
8.7 9.4 0.27
8.6 9.8 0.40
7.4 8.6 0.36
7.6 9.1 0.51
8.9 9.5 0.33
8.9 10.0 0.44
9.3 10.3 0.39
10.3 11.9 0.67
11.5 12.5 0.32
11.5 11.8 0.21
10.2 12.5 0.60
11.7 12.6 0.32
13.2 12.2 0.31
10.6 12.1 0.50
11.3 11.7 0.17
10.9 12.2 0.48
10.2 12.3 0.78
11.3 12.2 0.27
10.9 12.3 0.47
11.6 12.7 0.44
11.2 11.9 0.28
10.7 12.1 0.57
VAR SEM n
0.30 0.22 6
0.64 0.25 10
0.22 0.15 10
0.29 0.27 4
0.04 0.08 7
0.12 0.11 10
0.14 0.12 10
0.21 0.15 9
0.03 0.07 5
0.36 0.27 5
0.26 0.19 7
0.31 0.25 5
0.12 0.11 10
0.25 0.35 2
0.24 0.16 10
0.12 0.14 6
0.39 0.20 10
0.20 0.14 10
0.17 0.20 4
0.07 0.10 7
0.16 0.13 10
0.13 0.11 10
0.27 0.17 9
0.11 0.15 5
0.19 0.20 5
0.15 0.15 7
0.45 0.30 5
0.10 0.10 10
0.05 0.15 2
0.36 0.19 10
0.10 0.13 6
0.10 0.10 10
0.25 0.16 10
0.03 0.09 4
0.23 0.18 7
0.60 0.25 10
0.07 0.09 10
0.22 0.16 9
0.19 0.19 5
0.08 0.12 5
0.33 0.22 7
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Variable CL TEMP X MIN MAX SD VAR SEM n
Yolk Mass 1 29 3.54 2.83 4.22 0.47 0.22 0.15 10
1 31 5.03 4.46 5.74 0.38 0.14 0.12 10
1 32F 4.75 3.84 5.32 0.79 0.63 0.46 3
1 32M 4.04 2.78 4.93 0.63 0.40 0.20 10
1 33 5.16 4.11 6.25 0.72 0.52 0.23 10
2 29 5.19 4.08 6.10 0.62 0.39 0.20 10
2 31 6.65 5.21 8.04 1.02 1.03 0.32 10
2 32F 6.38 5.57 7.93 1.06 1.13 0.53 4
2 32M 5.28 4.33 6.21 0.75 0.56 0.26 8
2 33 6.10 4.56 7.28 0.83 0.69 0.26 10
3 29 4.95 3.45 7.12 1.05 1.10 0.33 10
3 31 6.63 3.45 7.12 1.05 1.10 0.33 9
3 32F 5.71 5.31 6.42 0.46 0.21 0.17 7
3 32M 4.62 3.85 5.23 0.54 0.29 0.22 6
3 33 6.25 5.77 7.29 0.54 0.29 0.17 10
Total Fat Mass 1 29 2.20 1.83 2.48 0.18 0.034 0.058 10
1 31 2.21 1.91 2.59 0.20 0.038 0.062 10
1 32F 2.21 2.14 2.34 0.1 1 0.012 0.064 3
1 32M 2.16 1.97 2.39 0.12 0.015 0.039 10
1 33 2.09 1.89 2.35 0.16 0.025 0.050 10
2 29 2.22 2.10 2.46 0.10 0.010 0.032 10
2 31 2.18 2.00 2.38 0.13 0.017 0.041 10
2 32F 2.17 1.96 2.44 0.21 0.045 0.106 4
2 32M 2.13 1.84 2.35 0.19 0.035 0.066 8
2 33 2.20 2.02 2.30 0.08 0.006 0.025 10
3 29 2.21 1.79 2.46 0.22 0.048 0.069 10
3 31 2.18 1.88 2.47 0.18 0.032 0.059 9
3 32F 2.22 1.79 2.43 0.22 0.047 0.082 7
3 32M 2.37 2.15 2.70 0.22 0.047 0.088 6
3 33 2.42 2.14 2.65 0.16 0.026 0.054 9
Abdominal Fat 1 29 0.61 0.50 0.76 0.08 0.007 0.027 10
Mass 1 31 0.64 0.35 0.78 0.12 0.014 0.037 10
1 32F 0.48 0.41 0.58 0.09 0.008 0.051 3
1 32M 0.44 0.39 0.61 0.06 0.004 0.020 10
1 33 0.57 0.47 0.62 0.06 0.003 0.017 10
2 29 0.66 0.58 0.76 0.05 0.003 0.016 10
2 31 0.60 0.53 0.63 0.03 0.001 0.011 10
2 32F 0.52 0.35 0.65 0.14 0.019 0.069 4
2 32M 0.55 0.35 0.69 0.12 0.014 0.041 8
2 33 0.56 0.52 0.59 0.03 0.001 0.008 10
3 29 0.63 0.37 0.78 0.11 0.013 0.036 10
3 31 0.59 0.51 0.73 0.07 0.006 0.025 9
3 32F 0.54 0.39 0.66 0.09 0.007 0.032 7
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Variable CL TEMP X MIN MAX SD VAR SEM n
3 32M 0.62 0.41 0.73 0.11 0.012 0.044 6
3 33 0.60 0.54 0.66 0.04 0.002 0.014 9
Tail Fat Mass 1 29 1.59 1.26 1.94 0.18 0.032 0.057 10
1 31 1.57 1.39 1.81 0.13 0.017 0.041 10
1 32F 1.73 1.58 1.89 0.16 0.024 0.090 3
1 32M 1.72 1.58 1.98 0.12 0.015 0.039 10
1 33 1.53 1.35 1.74 0.13 0.016 0.040 10
2 29 1.56 1.49 1.76 0.08 0.006 0.024 10
2 31 1.58 1.40 1.76 0.12 0.015 0.038 10
2 32F 1.65 1.57 1.83 0.12 0.015 0.061 4
2 32M 1.58 1.41 1.74 0.13 0.016 0.045 8
2 33 1.64 1.48 1.75 0.08 0.007 0.026 10
3 29 1.58 1.41 1.71 0.12 0.014 0.037 10
3 31 1.59 1.29 1.78 0.14 0.021 0.048 9
3 32F 1.68 1.40 1.84 0.15 0.024 0.058 7
3 32M 1.75 1.57 1.97 0.15 0.023 0.062 6
3 33 1.82 1.60 2.00 0.13 0.018 0.044 9
APPENDIX II
Morphometries and mass parameters of hatchling alligators from three clutches incubated at 
four constant temperatures. CL=clutch; EGG=egg number; TEMP=constant incubation 
temperature (°C); SEX=gonadal sex; EL=egg length; EW=egg width; EMS=inidal egg 
mass; TOTHMS=total hatchling mass; HMS=yolk-free hatchling mass; SVL=snout-vent 
length; L=total length; TRL=trunk length; DBL=inter-limb length; LFL=front limb length; 
LHL=hind limb length; HL=head length; HW=head width; HH=head height; SL=snout 
length; MSW=mid-snout width; NW=snout width at nares; EY=eye length; YMS= residual 
yolk mass; TOTFAT=total fat mass; ABDFAT=abdominal fat mass; TLFAT=tail fat mass. 
Empty cells represent missing data.
CL EGG TEMP SEX EL EW EMS TOTHMS HMS SVL L TRL
1 1 29 F 71.8 42.0 74.04 49.12 46.01 123 239
1 3 29 F 73.9 41.7 77.83 52.15 48.70 123 242 75.1
1 4 29 F 68.2 41.7 70.98 48.27 45.06 121 234 75.3
1 5 29 F 71.2 42.5 75.65 51.06 47.19 120 236 73.5
1 6 29 F 70.7 42.0 73.46 47.30 44.27 121 236
1 7 29 F 70.6 42.7 76.75 51.80 48.69 122 245 76.7
1 8 29 F 72.3 42.1 75.60 48.57 45.80 120 236
1 10 29 F 69.2 41.8 71.10 48.44 45.52 120 240
1 11 29 F 68.7 41.3 68.18 44.92 42.72 120 232 72.4
1 12 29 F 68.8 42.0 70.78 47.21 44.51 120 240
1 15 31 F 69.0 42.7 73.81 50.06 45.70 125 250 75.2
1 16 31 F 72.1 43.0 78.69 53.03 47.38 125 246 74.3
1 17 31 F 72.8 42.7 78.59 53.07 47.44 125 252 79.4
1 18 31 F 68.5 40.5 66.88 46.02 42.13 122 242 76.3
1 19 31 F 70.1 42.5 75.22 52.27 47.34 120 254 73.8
1 20 31 F 70.9 41.3 71.17 48.61 44.61 125 247 75.6
1 22 31 F 70.7 41.0 71.15 48.68 44.65 122 243 75.3
1 23 31 F 73.9 41.7 77.60 51.47 46.47 124 242 76.2
1 24 31 F 70.2 42.2 73.32 49.28 44.28 125 247 76.1
1 25 31 F 71.8 43.3 78.12 52.65 47.73 125 247 76.6
1 37 32 M 69.9 42.4 73.72 50.76 46.92 127 251 80.7
1 38 32 M 73.4 42.1 79.43 55.17 50.08 130 258 80.7
1 39 32 M 73.0 43.2 80.23 55.34 51.15 130 263 80.3
1 40 32 F 69.1 42.2 73.17 50.51 45.97 130 253 80.5
1 41 32 F 69.2 41.5 70.21 48.10 43.95 125 249
1 42 32 M 71.2 42.7 76.48 53.00 48.70 125 251 75.3
1 43 32 M 71.3 42.3 75.66 50.76 46.74 127 254 78.1
1 44 32 M 70.3 41.7 71.47 49.19 45.17 125 248 79.2
93
94
CL EGG TEMP SEX EL EW EMS TOTH MS HMS SVL L TRL
1 45 32 M 75.6 42.7 81.21 55.18 51.30 130 256 80.4
1 46 32 M 68 6 42.2 72.23 50.02 46.22 126 248; 78.5
1 47 32 M 70.8 42.0 73.50 49.52 45.71 128 257 80.8
1 49 32 F 72.3 43.2 78.09 54.05 49.75 127 256 80.3
1 50 32 M 73.4 43.1 79.55 53.93 49.51 130 261 81.2
1 26 33 M 73.0 42.8 78.52 53.26 48.02 127 254 80.3
1 27 33 M 71.8 42.9 77.68 53.82 48.67 123 248 78.4
1 28 33 M 71.0 41.8 74.69 51.99 45.98 120 242 73.1
1 29 33 M 71.1 42.4 75.12 51.84 46.53 125 249
1 31 33 M 69.2 42.5 72.24 49.57 44.55 125 249 77.7
1 32 33 M 71.9 42.9 76.89 51.89 47.19 125 244 71.2
1 33 33 M 68.0 41.8 69.74 47.85 43.21 125 240
1 34 33 M 67.9 41.3 68.47 47.19 43.11 124 242
1 35 33 M 71.8 42.9 76.48 52.83 48.15 125 245 77.4
1 36 33 M 69.8 43.3 76.32 52.34 48.14 123 248
2 1 29 F 68.6 42.6 71.90 49.80 44.52 115 224 70.5
2 2 29 F 71.8 43.0 75.81 52.82 47.66 120 242 70.9
2 3 29 F 70.2 42.7 75.60 52.48 47.37 122 242 73.9
2 4 29 F 70.8 43.0 75.74 52.43 47.56 120 233 73.2
2 5 29 F 71.4 42.6 74.39 52.68 48.53 124 243 75.9
2 6 29 F 71.3 43.1 75.94 52.21 48.12 120 240 71.3
2 7 29 F 69.8 42.3 72.28 49.57 45.20 121 235 73.8
2 8 29 F 70.4 42.4 72.71 51.21 45.88 120 237 74.6
2 9 29 F 71.6 42.3 74.15 50.73 45.50 117 232 71.6
2 10 29 F 68.6 42.5 72.29 49.75 45.16 117 235 70.6
2 11 31 F 74.3 43.0 79.73 54.79 48.^9 122 242 74.4
2 14 31 F 74.5 43.4 81.91 57.18 50.46 125 250 77.5
2 15 31 F 71.2 42.3 73.67 51.69 44.80 123 246 75.2
2 16 31 F 72.5 42.7 77.26 52.40 44.07 125 250 79.0
2 17 31 F 70.5 42.7 74.02 50.91 43.33 122 244 75.7
2 18 31 F 72.0 42.5 76.37 51.41 45.24 124 250 68.9
2 19 31 F 72.1 42.7 76.09 53.12 46.51 130 257 79.6
2 20 31 F 69.9 42.1 71.80 49.80 44.85 126 250 77.6
2 21 31 F 70.7 42.7 74.44 51.72 45.39 120 245 72.5
2 22 31 F 71.9 43.0 78.38 52.28 44.35 115 235 70.1
2 12 32 F 72.7 42.0 75.05 51.71 43.95 121 243 75.4
2 33 32 M 70.4 43.3 77.28 55.02 49.70 127 254 79.7
2 34 32 M 68.7 43.0 73.01 49.63 44.51 121 243
2 35 32 M 72.3 42.8 77.26 54.39 48.18 127 255 78.7
2 37 32 M 71.3 43.0 76.05 53.14 48.77 123 250 75.7
2 38 32 F 70.0 42.1 71.37 50.44 45.18 122 245 75.8
2 39 32 F 72.3 42.3 75.88 52.84 47.27 126 252 78.3
2 40 32 F 71.7 43.2 76.90 53.23 47.18 128 258 80.5
2 41 32 M 70.1 42.2 71.82 51.32 45.95 124 247 74.9
2 42 32 M 71.0 43.1 75.92 53.15 48.34 126 254 78.8
95
CL EGG TEMP SEX EL EW EMS TOTHMS HMS SVL L TRL
2 43 32 M 72.9 42.9 76.94 53.17 48.61 125 249 76.6
2 45 32 M 66.8 44.2 73.80 51.38 45.89 119 244 72.7
2 23 33 M 66.3 42.7 70.53 49.19 44.17 125 246 78.0
2 24 33 M 71.3 42.7 75.32 52.79 46.21 128 253 82.3
2 25 33 M 72.7 42.4 76.13 52.27 46.13 130 256 79.9
2 26 33 M 72.1 41.8 74.08 50.94 44.03 124 245 77.3
2 27 33 M 70.8 42.7 74.83 51.96 47.06 129 257 80.8
2 28 33 M 73.1 43.3 78.95 54.87 49.68 131 260 81.7
2 29 33 M 73.0 42.2 76.95 52.84 45.96 125 252 79.9
2 30 33 M 67.9 42.4 69.48 49.06 43.92 127 247 76.8
2 31 33 M 71.0 43.0 75.85 53.74 47.16 125 248 77.4
2 32 33 M 69.9 42.2 71.07 49.58 45.12 125 248 78.6
3 1 29 F 73.5 42.6 77.40 49.19 45.17 119 234 73.0
3 2 29 F 72.7 42.6 76.00 50.38 44.65 116 232 71.9
3 3 29 F 72.0 43.1 74.90 49.77 45.39 118 235 73.0
3 4 29 F 73.5 44.1 80.60 50.28 44.67 117 231 73.3
3 5 29 F 70.0 42.7 72.40 48.78 44.01 115 228 70.4
3 6 29 F 73.0 43.0 77.30 50.18 44.54 117 228 71.7
3 7 29 F 74.2 43.1 78.90 52.15 46.95 117 232 70.3
3 8 29 F 75.2 43.3 80.90 53.93 49.44 120 240 72.1
3 9 29 F 74.0 43.2 78.40 49.08 41.44 115 229 70.8
3 10 29 F 74.8 43.4 78.80 52.35 46.89 119 234 73.0
3 12 31 F 73.6 42.7 77.40 52.29 45.06 112 235 67.3
3 13 31 F 75.0 43.2 78.20 51.50 43.43 122 243 74.2
3 14 31 F 75.0 43.5 79.90 51.59 44.30 120 242 73.8
3 15 31 F 73.6 43.9 80.00 52.32 44.61 122 244 73.1
3 16 31 F 78.5 43.1 84.20 54.60 48.21 125 249 76.8
3 17 31 F 73.9 43.9 80.50 55.49 47.15 120 241 71.9
3 18 31 F 74.2 42.8 78.00 52.64 46.03 123 240 75.0
3 19 31 F 75.0 43.5 79.60 51.20 42.34 115 232 69.1
3 20 31 F 76.4 44.0 82.20 53.00 46.17 120 242 70.8
3 33 32 M 73.1 42.6 74.90 52.39 48.33 124 258
3 34 32 M 74.0 42.1 76.90 52.90 48.22 125 249 76.8
3 35 32 F 72.1 43.j 75.80 51.80 46.26 122 247 74.4
3 36 32 F 74.5 42.8 77.50 52.97 47.14 121 250 72.7
3 37 32 F 74.3 43.2 79.40 55.27 49.17 126 250 76.3
3 38 32 M 73.3 47.5 77.90 54.54 49.38 126 250 78.5
3 39 32 M 72.5 43.2 77.20 53.82 48.37 128 254 77.3
3 40 32 M 72.5 43.2 77.00 54.11 50.03 127 249 78.0
3 41 32 M 72.7 42.5 76.90 54.18 48.74 122 244 75.9
3 42 32 F 70.5 42.8 73.20 50.64 45.69 120 240
3 43 32 F 72.6 42.5 75.60 52.28 47.03 125 250
3 44 32 F 71.8 42.6 75.00 52.27 46.13 127 249 77.6
3 45 32 F 71.0 42.5 73.90 51.26 45.25 120 248 75.1
3 21 33 M 73.1 43.7 78.50 55.14 47.68 125 246 78.1
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CL EGG TEMP SEX EL EW EMS TOTHMS HMS SVL L TRL
3 23 33 M 73.1 44.1 80.20 54.98 46.80 125 249 75.6'■>J 24 33 M 73.6 43.7 77.00 53.59 47.53 123 242
3 25 33 M 74.8 42.8 78.40 53.66 47.26 125 249 75.4
3 26 33 M 72.8 43.9 79.00 54.74 47.91 125 245 75.7
3 27 33 M 75.2 43.7 80.70 56.42 49.04 125 250 75.9
3 28 33 M 76.0 42.9 79.30 54.43 47.94 125 245 77.0
3 29 33 M 73.2 43.1 79.50 55.55 48.62 123 244
3 32 33 M 72.8 44.1 78.70 53.82 47.47 123 247 75.3
CL EGG TEMP SEX DBL LFL LHL HL HW HH SL MSW
1 1 29 F 35.3
1 3 29 F 56.9 45.7 56.2 35.7 20.7 17.3 15.0 14.1
1 4 29 F 57.0 44.3 54.1 34.0 20.6 16.7 14.0 13.7
1 5 29 F 54.5 45.9 55.4 34.7 20.0 16.5 14.2 13.3
1 6 29 F 34.3
1 7 29 F 56.5 45.3 56.3 35.7 20.5 17.3 14.6 13.0
1 8 29 F 34.6
1 10 29 F 34.9
1 11 29 F 53.8 46.3 55.1 34.5 20.2 16.6 14.2 13.1
1 12 29 F 34.7
1 15 31 F 55.6 48.1 59.2 35.6 20.5 17.1 14.4 12.7
1 16 31 F 56.3 47.1 58.8 35.3 20.6 17.2 13.9 13.1
1 17 31 F 59.4 47.4 61.7 35.2 21.1 17.1 14.3 12.8
1 18 31 F 57.6 49.2 57.9 35.3 20.2 17.0 15.4 13.5
1 19 31 F 56.6 46.8 61.0 35.7 20.0 17.9 14.5 12.0
1 20 31 F 57.6 47.2 59.7 34.8 20.2 16.6 13.2 12.3
1 22 31 F 57.4 44.7 58.5 34.3 20.3 17.1 13.5 12.0
1 23 31 F 57.5 46.4 60.7 35.2 20.3 16.3 13.6 12.3
1 24 31 F 57.4 47.3 59.0 34.5 19.9 16.8 14.4 13.0
1 25 31 F 57.5 46.6 60.1 36.1 20.2 17.0 14.3 13.0
1 37 32 M 56.8 50.0 60.4 35.6 19.7 16.7 15.8 13.9
1 38 32 M 60.7 50.2 59.1 35.3 21.4 16.1 14.7 14.5
1 39 32 M 60.8 49.2 61.7 34.8 21.4 17.2 15.9 14.0
1 40 32 F 60.0 48.2 59.7 34.5 20.5 16.0 14.4 14.0
1 41 32 F 35.6
1 42 32 M 56.2 48.9 56.5 36.8 21.0 16.7 16.9 14.9
1 43 32 M 69.7 49.5 60.8 33.6 21.0 17.1 14.9 13.2
1 44 32 M 56.4 49.6 59.8 35.7 20.8 16.5 14.5 14.4
1 45 32 M 62.0 50.2 60.7 35.8 21.3 16.4 14.7 14.3
1 46 32 M 59.3 48.9 60.6 34.6 20.5 17.4 15.3 13.1
1 47 32 M 60.0 51.0 58.5 36.4 20.9 17.4 15.2 14.2
1 49 32 F 61.5 50.2 59.7 35.7 20.9 17.0 15.4 14.4
97
CL EGG TEMP SEX DBL LFL LHL HL HW HH SL MSW
1 50 32 M 60.7 51.3 61.3 35.4 20.2 17.3 15.6 13.6
1 26 33 M 58.7 45.8 56.4 36.5 20.8 18.1 15.7 15.4
1 27 33 M 59.3 45.5 59.6 35.5 20.6 17.6 16.3 14.6
1 28 33 M 53.5 46.5 56.3 35.1 20.5 17.2 15.0 14.0
1 29 33 M 36.3
1 31 33 M 57.4 43.2 55.1 35.1 20.3 17.7 15.0 14.5
1 32 33 M 53.4 47.9 57.3 35.4 20.6 17.2 15.7 14.2
1 33 33 M 34.0
1 34 33 M 35.0
1 35 33 M 55.8 47.0 58.2 36.2 20.6 17.8 15.9 13.9
1 36 33 M 36.7
2 1 29 F 53.5 43.6 55.9 34.4 20.3 16.8 13.7 12.0
2 29 F 54.3 41.4 55.8 35.2 20.8 16.3 15.2 13.6
2 3 29 F 53.5 46.5 55.2 36.0 20.2 16.5 14.7 13.5
2 4 29 F 55.2 44.6 56.3 33.4 20.2 15.8 13.5 11.6
2 5 29 F 56.7 43.0 56.1 35.8 20.4 16.2 13.2 13.5
2 6 29 F 53.5 46.4 56.0 36.4 20.5 16.2 15.8 13.6
2 7 29 F 57.2 45.3 55.3 35.3 20.2 17.1 13.8 12.5
2 8 29 p 56.5 44.9 56.2 33.9 20.4 17.1 12.4 12.0
9X* 9 29 F 54.3 45.1 52.7 33.4 20.8 16.5 12.5 13.1
2 10 29 F 54.6 47.0 58.3 33.8 20.0 16.5 13.6 12.0
2 11 31 F 56.7 47.7 58.5 34.8 20.4 16.5 14.5 13.4
2 14 31 F 57.5 47.6 58.4 35.3 20.8 16.6 14.0 13.5
2 15 31 F 57.4 48.8 57.5 34.5 20.2 17.2 13.8 13.8
2 16 31 F 58.2 45.9 61.3 35.1 20.6 16.7 14.1 13.1
2 17 31 F 55.1 47.0 58.4 33.4 19.8 16.1 14.4 13.6
2 18 31 F 56.0 47.4 58.8 34.6 20.1 16.9 13.5 12.7
2 19 31 F 60.0 47.5 56.8 35.3 20.7 16.7 14.4 13.7
2 20 31 F 58.5 48.9 58.3 34.9 20.4 16.9 14.0 13.7
2 21 31 F 56.8 48.2 61.1 36.1 20.3 17.2 14.5 12.6
2 22 31 F 54.6 46.6 57.5 34.8 19.9 17.0 14.1 12.7
2 12 32 F 57.5 46.7 57.1 34.6 20.1 15.6 14.5 14.1
2 33 32 M 58.7 48.7 59.0 35.3 20.9 16.5 14.6 14.3
2 34 32 M 36.6
2 35 32 M 59.9 49.3 59.4 36.0 20.9 15.4 14.3 14.1
2 37 32 M 60.3 49.5 60.0 35.4 21.1 17.1 15.6 14.5
2 38 32 F 56.2 47.1 56.6 34.1 19.9 16.4 13.7 14.2
2 39 32 F 58.5 48.5 58.5 35.1 20.3 16.9 15.4 14.2
2 40 32 F 60.3 50.0 61.8 34.7 20.4 16.2 14.3 13.1
2 41 32 M 56.3 47.2 57.1 34.3 20.8 15.9 16.4 14.4
2 42 32 M 57.4 47.5 59.9 34.5 20.6 17.0 15.6 14.4
2 43 32 M 57.3 47.9 59.9 35.0 2 1.2 17.4 16.4 14.4
2 45 32 M 55.8 48.4 60.0 35.3 20.5 17.2 16.0 13.9
2 23 33 M 56.2 45.8 55.5 34.1 20.1 17.9 16.1 14.2
2 24 33 M 59.4 45.2 56.9 33.4 20.1 18.1 14.4 14.3
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CL
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
EGG TEMP SEX DBL LFL LHL HL HW HH SL MSW
25 33 M 60.4 47.2 58.4 36.4 20.5 17.8 15.2 14.6
26 33 M 57.9 46.2 54.2 34.4 19.8 17.1 14.3 14.3
27 33 M 58.7 47.3 56.7 35.1 20.3 17.1 15.5 15.2
28 33 M 59.6 46.6 54.1 35.2 20.3 17.8 15.4 14.9
29 33 M 59.5 46.7 56.3 35.3 19.5 17.0 15.2 14.4
30 33 M 57.5 42.3 54.5 34.7 19.9 17.3 16.1 14.1
31 33 M 58.0 44.7 57.2 35.3 20.3 17.4 15.7 14.6
32 33 M 57.3 45.1 55.5 34.4 20.3 17.2 14.7 14.3
1 29 F 56.0 45.3 57.1 35.5 20.4 17.1 13.1 12.0
2 29 F 55.6 44.7 55.2 32.7 19.5 16.9 12.8 12.0
3 29 F 56.6 45.2 54.2 34.4 20.0 16.7 13.8 12.3
4 29 F 56.8 45.9 56.1 34.1 20.0 16.8 12.7 12.2
5 29 F 55.1 45.0 54.0 34.3 20.5 17.2 13.1 12.2
6 29 F 55.5 46.0 55.2 34.3 20.2 17.1 13.0 12.2
7 29 F 55.7 45.4 57.0 34.9 20.4 16.8 14.4 12.5
8 29 F 55.8 47.6 57.4 35.4 21.2 16.7 13.8 13.2
9 29 F 51.9 42.7 54.5 33.3 20.0 15.9 12.7 11.9
10 29 F 57.0 44.5 56.2 35.1 20.5 16.9 13.4 12.3
12 31 F 51.7 46.3 57.8 33.2 21.0 17.2 11.6 12.8
13 31 F 56.9 45.9 57.5 35.3 20.5 17.1 14.7 12.6
14 31 F 55.6 45.8 56.2 35.2 19.9 16.5 14.1 13.1
15 31 F 55.2 47.6 54.5 34.3 20.0 16.9 14.1 13.8
16 31 F 57.2 49.6 57.2 35.0 21.1 16.5 14.6 13.4
17 31 F 55.9 48.3 56.1 34.9 19.8 16.7 13.4 12.5
18 31 F 56.2 48.7 58.5 34.8 20.2 16.1 14.3 13.6
19 31 F 52.7 44.5 58.7 34.3 19.9 16.6 13.4 13.4
20 31 F 55.4 45.2 58.1 35.2 20.2 17.7 14.9 12.9
33 32 M 35.3
34 32 M 57.8 47.2 57.5 36.2 20.7 18.4 15.3 15.0
35 32 F 56.4 47.2 56.1 35.1 20.1 16.8 14.2 13.9
36 32 F 54.1 47.4 58.5 35.4 20.9 17.4 14.2 14.0
37 32 F 57.7 47.9 56.5 35.5 20.1 16.5 14.4 14.2
38 32 M 59.0 47.2 57.6 35.8 20.6 16.7 14.4 13.3
39 32 M 57.7 47.3 60.2 35.9 21.0 16.9 15.2 14.2
40 32 M 57.5 47.0 57.0 34.5 21.0 16.2 15.8 14.1
41 32 M 58.8 45.7 58.4 34.8 20.8 16.5 14.5 14.1
42 32 F 34.1
43 32 F 35.0
44 32 F 59.5 49.3 59.2 35.6 20.4 16.7 16.3 14.1
45 32 F 57.3 46.2 59.3 35.3 20.3 16.9 15.6 14.3
21 33 M 58.2 46.2 58.1 33.1 19.7 17.3 14.3 15.4
23 33 M 58.2 42.4 54.8 33.6 20.3 17.6 15.0 14 6
24 33 M 34.6
25 33 M 57.3 44.9 55.0 35.7 20.5 17.7 16.4 15.0
26 33 M 57.1 44.5 54.9 35.1 20.7 18.0 14.9 15.1
99
CL EGG TEMP SEX DBL LFL LHL HL HW HH SL MSW
3 27 33 M 58.3 45.6 59.5 35.3 20.1 17.0 14.6 14.6
3 28 33 M 57.6 46.1 55.3 35.7 20.5 17.7 14.6 15.9
3 29 33 M 34.5
3 32 33 M 57.2 44.3 55.4 35.4 19.9 17.7 15.4 14.5
CL EGG TEMP SEX NW EY YMS TOTFAT ABDFAT TLFAT
1 1 29 F 3.11 2.05 0.54 1.51
1 3 29 F 9.2 11.9 3.45 2.38 0.76 1.62
1 4 29 F 8.6 11.9 3.21 1.83 0.57 1.26
1 5 29 F 9.8 11.7 3.87 2.48 0.54 1.94
1 6 29 F 3.03 2.19 0.68 1.51
1 7 29 F 8.8 11.6 3.11 2.32 0.72 1.60
1 8 29 F 2.77 2.09 0.59 1.50
1 10 29 F 2.92 2.15 0.60 1.55
1 11 29 F 8.4 10.3 2.20 2.20 0.61 1.59
1 12 29 F 2.70 2.28 0.50 1.78
1 15 31 F 8.0 12.3 4.36 2.32 0.70 1.62
1 16 31 F 8.3 12.1 5.65 2.20 0.73 1.47
1 17 31 F 8.8 12.5 5.63 2.31 0.71 1.60
1 18 31 F 8.6 11.9 3.89 1.91 0.35 1.56
1 19 31 F 7.9 11.7 4.93 2.59 0.78 1.81
1 20 31 F 8.6 11.9 4.00 2.14 0.67 1.47
1 22 31 F 8.1 12.4 4.03 2.10 0.62 1.48
1 23 31 F 8.4 12.2 5.00 2.20 0.64 1.56
1 24 31 F 8.2 1 L5 5.00 2.00 0.61 1.39
1 25 31 F 8.9 12.3 4.92 2.37 0.62 1.75
1 37 32 M 9.7 12.1 3.84 1.97 0.39 1.58
1 38 32 M 9.0 1 1.9 5.09 2.39 0.41 1.98
1 39 32 M 8.6 11.8 4.19 2.14 0.41 1.73
1 40 32 F 8.6 11.8 4.54 2.14 0.41 1.73
1 41 32 F 4.15 2.16 0.58 1.58
1 42 32 M 9.1 11.8 4.30 2.24 0.61 1.63
1 43 32 M 9.3 11.8 4.02 2.05 0.44 1.61
1 44 32 M 8.6 11.4 4.02 2.12 0.43 1.69
1 45 32 M 9.5 1 1.5 3.88 2.17 0.41 1.76
1 46 32 M 8.5 12.5 3.80 2.06 0.45 1.61
1 47 32 M 8.1 1 1.7 3.81 2.15 0.40 1.75
1 49 32 F 9.3 1 1.5 4.30 2.34 0.45 1.89
1 50 32 M 8.9 10.2 4.42 2.29 0.46 1.83
1 26 33 M 9.4 1 1.9 5.24 235 0.61 1.74
1 27 33 M 9.4 1 2.2 5.15 2.15 0.61 1.54
1 28 33 M 9.8 11.7 6.01 2.20 0.61 1.59
100
CL EGG TEMP SEX NW EY YMS TOTFAT ABDFAT TLFAT
1 29 33 M 5.31 1.90 0.55 1.35
1 31 33 M 9.2 11.9 5.02 2.25 0.57 1.68
1 32 33 M 8.9 12.6 4.70 2.13 0.62 1.51
1 33 33 M 4.64 1.90 0.49 1.41
1 34 33 M 4.08 1.89 0.52 1.37
1 35 33 M 8.9 12.2 4.68 2.12 0.60 1.52
1 36 33 M 4.20 2.03 0.47 1.56
O
X * 1 29 F 7.6 1 1.9 5.28 2.14 0.59 1.5504* 2 29 F 9.6 11.4 5.16 2.10 0.58 1.52
2 3 29 F 8.9 12.2 5.11 2.21 0.67 1.54
2 4 29 F 8.3 1 1.8 4.87 2.46 0.70 1.76
2 5 29 F 8.8 1 1.7 4.15 2.22 0.66 1.56
2 6 29 F 8.6 1 1.2 4.09 2.19 0.65 1.54
2 7 29 F 8.6 1 1.6 4.37 2.14 0.65 1.49
2 8 29 F 8.3 11.7 5.33 2.18 0.65 1.53
2 9 29 T—r 8.1 11.5 5.23 2.28 0.69 1.59
2 10 29 F 7.5 1 1.2 4.59 2.26 0.76 1.50
2 11 31 F 8.9 1 1.8 6.00 2.17 0.63 1.54
2 14 31 F 8.8 1 1.5 6.72 2.38 0.62 1.76
2 15 31 F 9.2 11.1 6.89 2.20 0.63 1.57
2 16 31 F 8.2 11.9 8.33 2.24 0.56 1.68
2 17 31 F 9.1 10.6 7.58 2.03 0.53 1.50
2 18 31 F 9.1 1 1.9 6.17 2.28 0.62 1.66
2 19 31 F 8.4 11.1 6.61 2.17 0.57 1.60
2 20 31 F 9.4 12.1 4.95 2.00 0.60 1.40
2 21 31 F 8.2 12.1 6.33 2.29 0.61 1.68
2 22 31 F 8.3 11.8 7.93 2.00 0.60 1.40
2 12 32 F 9.2 1 1.4 7.76 1.96 0.35 1.61
2 33 32 M 9.4 12.0 5.32 2.31 0.69 1.62
2 34 32 M 5.12 1.93 0.52 1.41
2 35 32 M 9.3 1 1.8 6.21 2.25 0.67 1.58
2 37 32 M 8.9 12.2 4.37 2.12 0.42 1.70
2 38 32 F 9.4 17.3 5.26 2.05 0.47 1.58
2 39 32 F 9.3 11.5 5.57 2.22 0.65 1.57
2 40 32 F 10.1 11.7 6.05 2.44 0.61 1.83
2 41 32 M 9.4 1 1.2 5.37 2.21 0.55 1.66
2 42 32 M 8.7 10.9 4.81 2.35 0.61 1.74
2 43 32 M 9.3 1 1.2 4.56 1.99 0.58 1.41
2 45 32 M 9.2 1 1.8 5.49 1.84 0.35 1.49
2 23 33 M 9.4 10.3 5.02 2.15 0.59 1.56
2 24 33 M 9.0 10.2 6.58 2.23 0.58 1.65
2 25 33 M 9.8 12.1 6.14 2.24 0.52 1.72
2 26 33 M 8.9 10.6 6.91 2.22 0.53 1.69
2 27 33 M 9.4 12.3 4.90 2.26 0.58 1 68
2 28 33 M 9.8 1 0 . 8 5.19 2.30 0.55 1.75
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CL EGG TEMP
2 29 33
2 30 33
2 31 33
2 32 33
3 1 29
3 2 29
3 3 29
3 4 29
3 5 29
3 6 29
3 7 29
3 8 29
3 9 29
3 10 29
3 12 31
3 13 31
3 14 31
3 15 31
3 16 31
3 17 31
3 18 31
3 19 31
3 20 31
3 33 32
3 34 32
3 35 32
3 36 32
3 37 32
3 38 32
3 39 32
3 40 32
3 41 32
3 42 32
3 43 32
3 44 32
3 45 32
3 21 33
3 23 33
3 24 33
3 25 33
3 26 33
3 27 33
3 28 33
3 29 33
3 32 33
SEX NW EY
M 9.7 11.8
M 9.4 11.8
M 9.5 11.6
M 8.6 11.8
F 7.4 11.8
F 7.8 11.8
F 8.6 11.5
F 8.0 12.0
F 8.0 11.5
F 8.2 11.6
F 8.0 11.9
F 8.6 1 1.6
F 8.2 11.3
F 8.0 12.2
F 8.2 11.8
F 7.6 12.3
F 8.4 11.0
F 8.6 11.4
F 8.9 10.9
F 8.7 1 1.4
F 9.1 1 1.4
F 8.1 12.1
F 7.7 1 1.7
M
M 10.0 1 1.2
F 8.9 11.6
F 9.5 12.7
F 8.9 12.1
M 9.1 1 1.7
M 8.9 1 1.5
M 9.2 11.8
M 9.6 1 1.9
F
F
F 8.9 1 1.7
F 9.5 1 1.9
M 10.2 10.9
M 9.3 1 1.8
M
M 9.6 10.7
M 9.7 1 1.1
M 9.5 12.1
M 10.3 10.7
M
M 9.4 1 1.7
YMS TOTFAT
6.88 2.18
5.14 2.02
6.58 2.21
4.46 2.15
4.02 2.46
5.73 2.33
4.38 2.07
5.61 2.35
4.77 1.97
5.64 2.13
5.20 2.32
4.49 2.46
7.64 1.79
5.46 2.25
7.23 2.29
8.07 2.07
7.29 1.88
7.71 2.16
6.39 2.30
8.34 2.31
6.61 2.08
8.86 2.07
6.83 2.47
4.06 2.15
4.68 2.70
5.54 1.79
5.83 2.10
6.10 2.36
5.16 2.50
5.45 2.18
4.08 2.45
5.44 2.24
4.95 2.23
5.25 2.36
6.14 2.43
6.01 2.24
7.46 2.51
8.18 2.25
6.06 2.39
6.40 2.41
6.83 2.47
7.38 2.39
6.49 2.65
6.93 2.14
6.35 2.61
ABDFAT TLFAT
0.58 1.60
0.54 1.48
0.53 1.68
0.55 1.60
0.75 1.71
0.64 1.69
0.59 1.48
0.64 1.71
0.56 1.41
0.61 1.52
0.70 1.62
0.78 1.68
0.37 1.42
0.65 1.60
0.51 1.78
0.52 1.55
0.59 1.29
0.59 1.57
0.66 1.64
0.63 1.68
0.53 1.55
0.53 1.54
0.73 1.74
0.41 1.74
0.73 1.97
0.39 1.40
0.54 1.56
0.66 1.70
0.65 1.85
0.61 1.57
0.66 1.79
0.64 1.60
0.56 1.67
0.52 1.84
0.61 1.82
0.50 1.74
0.58 1.93
0.58 1.67
0.55 1.84
0.62 1.79
0.61 1.86
0.64 1.75
0.65 2.00
0.54 1.60
0.66 1.95
APPENDIX III
Clutch means and descriptive statistics of clitero-penis (CTP) dimensions of hatchling 
alligators from four constant incubation temperatures.
Dimensions TEMP SEX CL X MIN MAX SD VAR SEM n
CTP Length 29 F 1 2.8 2.3 2.9 0.19 0.04 0.06 10
2 2.7 2.4 3.0 0.21 0.04 0.07 10
3 2.8 2.4 3.2 0.22 0.05 0.07 9
31 F 1 2.9 2.6 3.5 0.23 0.05 0.07 10
2 3.0 2.7 3.3 0.21 0.04 0.07 10
3 3.0 2.6 3.3 0.29 0.09 0.10 8
32 F 1 3.5 3.1 3.8 0.36 0.13 0.21 3
2 3.7 3.1 4.0 0.40 0.16 0.20 4
3 3.9 3.6 4.3 0.22 0.05 0.08 7
32 M 1 4.1 4.0 4.4 0.12 0.02 0.04 10
2 4.0 3.7 4.1 0.14 0.02 0.05 8
3 4.2 4.1 4.3 0.08 0.01 0.03 6
33 M 1 4.2 3.9 4.6 0.24 0.06 0.08 10
2 4.1 3.9 4.3 0.12 0.02 0.04 10
3 4.2 3.6 4.5 0.29 0.08 0.10 9
CTP Lateral 29 F 1 0.9 0.7 1.1 0.12 0.02 0.04 10
Width 2 0.9 0.8 1.2 0.13 0.02 0.04 10
3 0.9 0.7 1.0 0.12 0.02 0.04 9
31 F 1 0.9 0.8 1.0 0.09 0.01 0.03 10
2 1.0 0.9 1.2 0.09 0.01 0.03 10
3 1.0 0.8 1.1 0.12 0.01 0.04 8
32 F 1 1.0 0.8 1.3 0.25 0.06 0.15 3
2 1.1 0.9 1.3 0.17 0.03 0.09 4
3 1.3 1.1 1.8 0.23 0.05 0.09 7
32 M 1 1.1 0.9 1.2 0.09 0.01 0.03 10
2 1.3 1.1 1.7 0.24 0.06 0.08 8
3 1.4 1.2 1.6 0.14 0.02 0.06 6
33 M 1 1.3 1.1 1.5 0.13 0 02 0.04 10
2 1.3 1.3 1.4 0.05 0.00 0.02 10
3 1.4 1.3 1.6 0.11 0.01 0.04 9
102
103
Dimensions TEMP SEX
CTP Base 29 F
Length
31 F
32 F
32 M
33 M
CTP Depth 29 F
31 F
32 F
32 M
33 M
CL x MIN MAX
1 1.7 1.4 1.9
2 1.6 1.3 1.9
3 1.7 1.3 2.0
1 1.8 1.5 2.1
2 1.9 1.6 2.0
3 1.7 1.4 2.1
1 2.2 1.9 2.4
2 2.5 2.1 2.7
3 2.6 2.3 2.9
1 2.7 2.3 2.9
2 2.6 2.1 3.0
3 2.9 2.8 3.1
1 2.9 2.6 3.2
2 2.9 2.5 3.2
3 2.9 2.4 3.3
1 1.3 1.2 1.5
2 1.4 1.1 1.5
3 1.4 1.2 1.9
1 1.4 1.2 1.7
2 1.4 1.2 1.8
3 1.4 1.2 1.9
1 1.6 1.5 1.7
2 1.6 1.4 1.7
3 1.6 1.4 1.7
1 1.6 1.2 1.8
2 1.7 1.4 1.8
3 1.8 1.5 1.9
1 1.7 1.5 1.8
2 1.7 1.4 1.8
3 1.7 1.4 1.9
SD VAR SEM n
0.16 0.03 0.05 10
0.20 0.04 0.06 10
0.25 0.06 0.08 9
0.20 0.04 0.06 10
0.15 0.02 0.05 10
0.25 0.06 0.09 8
0.26 0.07 0.15 3
0.27 0.07 0.14 4
0.24 0.06 0.09 7
0.23 0.05 0.07 10
0.30 0.09 0.11 8
0.10 0.01 0.04 6
0.24 0.06 0.08 10
0.23 0.05 0.07 10
0.29 0.08 0.10 9
0.09 0.01 0.03 10
0.12 0.01 0.04 10
0.22 0.05 0.07 9
0.15 0.02 0.05 10
0.19 0.04 0.06 10
0.22 0.05 0.08 8
0.12 0.01 0.07 3
0.15 0.02 0.07 4
0.10 0.01 0.04 7
0.18 0.03 0.06 10
0.14 0.02 0.05 8
0.14 0.02 0.06 6
0.12 0.01 0.04 10
0,12 0.01 0.04 10
0.15 0.02 0.05 9
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